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GENERAL PREFACE 


# 

T HIS series of small monographs is one which should 
commend itself to a wide held of readers. 

The reader will find in these volumes an up-to-date 
resume of the developments in the subject considered. 
The references to the standard works and to decent 
papers will enable him to pursue further those subjects 
which he duds of especial interest. The monographs 
should therefore be of great service to physics students 
who have examinations to consider, to those who are 
engaged in research in other branches of physics and * 
allied •sciences, and to the large -'number of science 
masters and others interested in the development of 
physical science who are no longer in close contact with 
recent work. 

From a consideration of the list of authors it is clear 
that the reader need have no doubt of the accuracy of 
the general accounts found in these volumes. 

0. W. RICHARDSON 

King’s College 
Lombok 


PREFACE 


A N attempt has been made to present in the following 
/Apages a fairly detailed account of the fundamental 
principles involved in the design of a wireless receiver. 
Most of the material has been gathered from original 
papers, detailed references to which are given in ' the 
bibliography at the end of the book. Limitations of 
space have made it necessary to omit many important 
aspects of the subject, but it seemed better to treat 
selected portions thoroughly, rather than to give a 
vague outline of the whqle. Perhaps the most serious 
omission is that of any mention of the Superheterodyne 
Receiver. However, a few references to this subiect 
have been added at the end of the bibliography.' 

I wish to express my warmest thanks to Professor 
*7 . -Appleton, both for his encouragement and for 

his kindness in reading through the manuscript and 
o ering helpful criticisms while the book was passing 
through the press, . & 


Wheatstone Laboratory 
King’s College 

London, March , 1932 


G. W. 0. 
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CHAPTER I 

• • 

INTRODUCTORY 

W HEN wireless communication is established be- 
tween two stations, radiations sent out by one 
station travel through the aether and act upon the aerial- 
earth system of the other station, where they cause an 
alternating electric potential to be set up between two 
points of this system. The wave-form of the alternating 
potential will correspond to that of the aether waves and, 
in the simplest possible case, both will be sinusoidal. 

. However, unless the wave-form vary with time, it will 
clearly not be possible to convey any message from one 
station to the other. One possible method of variation, 
which is used in wireless telegraphy, is to divide the 
originally continuous wave into a series of discrete wave 
trains, which, according to their length, may represent 
dots or dashes. The message can then be conveyed by 
means of the Morse Code.. In wireless telephony, on , 
the other hand, the continuity of the wave is retained, 
but the amplitude is made to vary with time in such a 
way that the wave-form of the variations is a repro- 
duction acoustic wave -form of the sounds which 

compose the message. Such a wave is said to be 
modulated/ , : 

it be assumed that the emitting station is radiating 
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at a wave-length A, and that the signal which is beinc 
transmitted 1S a sustained note of acoustic frequency I 
Then the wave-form of the alternating potential V 
which is set up in the aerial-earth system of the receiver’ 
may be represented diagrammatically as in Pig. I where 
potential V is plotted against time t. This represents a 
sinusoidal electromotive force (E.M.F.) the amplitude $ 
which varies from A - m to A + m, the variXns also 
takmg place sinusoidally with respect to time. The fre- 
quency/ of the amplitude variations will be the same as 
that of the signal note which is being transmuted! 



Fig. 1. 

whhe the frequency F 0 f the sinsuoidal jj. M .F. will be 

FA = U . . . . (1) 

where U is the velocity of wireless waves in free space 
K Abe measured m metres and F in kilocycles per second,' 

I 1 = 3 x 10®/A . . . (2) 

The alternating E.M.F. which is set up in the aenal earth 

2Tst^ 

considered m detail, and particular attention. will bejrtST 
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to the principles of design which must be observed if the 
note emitted by the loud speaker is to be a faithful copy 
of the note which falls upon the microphone at the 
emitting station. 

A ware of the form shown in Fig. 1 is known as a 
modulated sine wave ; / is known as the modulation 
frequency and 100 m/A as the percentage of modulation . 
Then ft 

-2^rFandp ==2 tt/* . . (3) 

the wave-form of Fig. 1 may be expressed mathematically 
by the equation 

V = ( A + m sin pt) sin wt, # 

This may be re-written as 
V — A sin cot + m sin pt sin art 

= A sin mi + ~ cos (m ~~~ p ft — ™ cos (m + p)t « (4) 

It thus appears that the E.M.F. set up in the aerial-earth 
system consists' of three distinct components, which we 
may suppose to have been produced by the simultaneous 
action on the aerial of three distinct sinusoidal electro- 
magnetic waves. The wave, the pulsatance of which is 
o) is known as the Carrier Wave, while the waves having 
pulsatances m + p and m — p respectively, are known as 
the Side Bands . In wireless telephony, the modulation 
frequency / will lie within the audible range, and will 
therefore not exceed about 10,000 cycles per second. 
Frequencies which, do not exceed this limit are referred 
to as audio or low frequencies. On the other hand, the 
frequency F of the carrier wave will not usually be less 
than 100 kilocycles per second. Such frequencies are 
referred to as radio or high frequencies. Since then / is 
always m&il compared with F, it follows that tltb fre- 
quencies of the side bands mil -lie in the radio frequency 

*The frequency of an oscillation multiplied by 2w is known m 
wnjQtdsatance of the oscillation. 


ri 
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range. The abbreviations H.F. and L F are 
d '” ole iigh w 

l^tTNCTION OF A WlRELESS RECEIVER - 

The function of the wireless receiver Drone?’ 
convert the E.M.F. which is generated in the aerial-earth 
system, and which is of the form represented bv eauafinn 
(4), into a sinusoidal E.M.F. of frequency/, which cm be 
applied. to the loud speaker. Furthermore, the revive? 
must be capable of furnishing sufficient electrical power 
to operate the loud speaker at the required strength 

te- TheT M f C r iSt r f fo ^ dist “°t parte or 
stages. I he E.M.F. from the aerial is applied to a 

High-Frequency Amplifier , the function of which is to 
“?A he “fS 1114 ^ 6 without changing the form of 
to IM F. The amplified E.M.F. is next applied to a 
■ Detector Stage. Whereas the input E.M.F. to this stave 
consists of three radio frequency components the outnut 
consists of an E.M.F. of* frequency /. Next follows s 
Low-Frequency Amplifier, the function of which is to 
increase the magn itude without changing the form of the 
low frequency which is applied to it It wiU be noticed 
that the functions of the above three staves have be2 
descnbed m terms of E.M.F., while nothing hls been 
said about the quantity of current flowing This is 
because each stage absorbs an extremely small amount 
of power from the preceding one, so that the currents 
flowing are very small, although the E.M.F s mav be 
quite large. As a matter of fact none of 

t^tbe ? ap ^ ble of famishing very much power 

to the one following it. Hence the necessitv for the W 

Thf e ont th i r 6GelV ®v’. which is known as the Power Stage 
a^lied t ? Ut / r u m * ks , stage is controlled by the E Mf' 
applied to it by the low-frequency amplifief'^out verv 
httle power is absorbed from the latter* The function 

" to deliw SS . 
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I From the above description, it' will be clear that 
’ 'neither the H.F. amplifier nor the L.F. amplifier is 
jt essential to a receiver, and either or both may be omitted 
| if sufficient volume of sound can be obtained without 
I them,. 

, Types of Distortion 

Before discussing the principles of design which should 
| be followed if the receiver is to cause no distortion of the 
signal, we must consider briefly the types of distortion 
which may occur. Since this book is concerned only 
with wireless receivers, it vdll be assumed that both the 
transmitting station and the Iqpd speaker are perfect, 
and so do not distort the signal. 

Consider first the case where the signal to be received 
is a pure, sustained audio-frequency note. Then, owing 
to imperfections in the receiver, it may happen that the 
amplitude of the note emittedaby the loud speaker is not 
proportional to the amplitude of the note sounded in 
front gf the microphone. This type of distortion is 
known as Amplitude Distortion , and when it is present, 
harmonics of the original note are introduced so that the 
note emitted by the loud speaker is no longer pure. * 
When amplitude distortion is absent, the amplitudes 
of these two notes will be proportional, but it may still 
happen that the constant of proportionality is different 
for different frequencies. In this case, Frequency Dis- 
tortion is said to occur. This type is not so objectionable 
as amplitude distortion for two reasons. In the first 
* place, frequency distortion occurring at one stage of a 
receiver can often be corrected at a later stage. Secondly, 
the human ear is very insensitive to change of volume of 
- sound, and so is unable to detect slight frequency dis- 
tortion. Both types of distortion mentioned above may 
■ occur simultaneously. ’■■'"/■■W j ^ rf 

So far^i? has been assumed that the signal is a sus- 
tained sinusoidal note, In practice, of course, this will 
. rarely, if ever, be the case. Let us consider next what 
happen if the signal consist of a sustained note, the 
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wave-form of which is not sinusoidal. Such a note mav 
by .Fourier analysis, be split up into a series of sinusoidal 
components. Each of these components will cause the 
transmitter to radiate a definite pair of side-bands of 
corresponding frequencies, while the carrier wave wffl 
remain as before, smce it is not affected by the micro- 
phone output. Thus, as far as the transmitter is con- 
cerned, we may treat each component of the nomnlex 
note as a separate entity, which is not affected by the 
presence of the other components. When the various 
parts of a receiver have been considered in detail, it will 
be seen that this statement also holds true for a receiver 
provided neither frequency nor amplitude distortion be 
present. There is stiff, however, the possibility that the 
phases of the various components will be changed with 

to e r ch 0ther ‘ We ma y refer to this as Phase 
Zbatorfwn. In a recent paper (1), van der Pol has de- 
scribed an ingenious arrangement whereby it is possible 

EMpT't£t Ph r S ° f + v te co “P onents of a complex 
Jt.M.F. without altering their relative amplitudes. By 

“ a loud s P eate circuit, he was 
able to show that the human ear is unable to detect 
phase distortion, even though the change in phase of 
Indh^ 1 * 011 ^ "“y to tlle others approaches 360°. 

SfcoSS. “ P " Ti0 “ 1 5 r “ * 

Item what has been said, it will be clear that, so 'long 
c . once nied with distortion which may arise 
out P ut » a sustained alternating 
E.M.1!., it will be sufficient if we consider amplitude and 
fe^ueney distortion m the simple case whenthe micro- 

wffidh a S T soidal EMF - the frequency of 

iSdiZv S- anyW ^ 6re within ^ audible range. 

teiistaate ‘tssjs^A 


INTRODUCTORY 7 

such an E.M.E. may be termed Transient Distortion. 
A great deal of work remains to be done on this subject, 
but two facts have been fairly well established ; firstly, 
that the transient distortion in a well-designed receiver 
iis probably small compared with that introduced by the 
best of present-day loud speakers ; and secondly, that 
? transient distortion in a good receiver does not prevent 
| the quality of reproduction of speech and music from 
| being extremely good. For these reasons transient 
? distortion will not be considered in the present book. 


mt 




CHAPTER II 

THE TRIODE AND ITS EQUIVAL] 

Characteristics op a Trk 

T ? a c ° m P a “ion volume of the m-ese 
1 detailed account has been riZf Zt 

this point of view thrill • them P ro 

relation between the Current,, fl f - CUrve 
various electrodes * U 

electrodes. Such mm 6 P?^ n taa]s ap 
of the valve and hT are fc ? rmed the 
the electrodes are mff nVe j** 011 ’ P° 
potential of the 

^^tS!ntoVj ndkeCtly HeaS 

potatu oW«>lSarcm t ‘Sv t te C ° mp 

S»™ ** £2?"\* Ptae ‘ 
f-ttiKA 1 -. 1 *— the 



respectively. In Fig. 2 (a) curves are drawn to indicate 
the relation between anode current (I a ) and grid poten 
tial (Vg), for various constant values of anode potential 
(V fl ). Similarly, Fig. 2 (h) indicates the relation between 
anode current and anode potential, when grid potential 
is kept constant. 

Suppose a triode to be operated under conditions re- 
present^. by point A in Fig. 2 (a). Now let the anode 
potential be increased by an amount SV a , while the 
potential is decreased simultaneously by an amount 


SV ff , so that the point of operation moves to B and 
anode current remains unchanged. Then the limit of the 

fraction as SV a and 8V_ become indefinitely small, 

ChV g 

is known as the Amplification Factor of the triode, and is 
usually denoted by the symbol /*, % 

Next suppose that, beginning at point A, the 
potential increases by an amount SV G , while the grid 
^potential remains constant, so that the point of operation 
to C and the anode current increases by an amount 
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SI 0 . Then the limit of — £ for indefinitely small incre- 
ments, is denoted by the symbol p and is known as the 
Impedance , Differential Resistance or Slope Resista?ice of 
the triode. Of these terms, the first is a misnomer 
since it suggests the presence of a reactive component' 
whereas the quantity concerned is of the nature of 
a pure resistance. The second term is mathematically 
correct, but is somewhat cumbersome, and for these 
reasons the term Slope Resistance will be used in the 
present book. This quantity must be carefully dis- 
tinguished from the Direct Current Resistance of- the 
triod#?. This latter quantity, for any point of operation, 
is defined to be the ratio of the total anode potential to 
the torn anode current, and clearly, this is, in general, a 
very different thing from the ratio of a small increment 
ot anode potential to the corresponding increment of 
anode current. » 

Mnaliy s commencing from point A, suppose the grid 
potential to -increase by an amount SV ff , while the anode 
potential remains constant, so that the point of operation 
moves along the curve to D and the anode current 
increases by an amount BI a . Then the limit of the ratio 

^ or ^definitely small increments, is known as the 

Mutual Conductance of the triode, and will be denoted 
by the symbol *. This term is accepted generally and 
will be retained here, though it is somewhat misleading, 
since it is not connected with any “ Mutual ” or “ Re- 
ciprocal ” action. 

Putting the above definitions into mathematical form 
we may write, ’ 


whence it is obvious that 


THE TRIODE 
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Since the above definitions have been given in terms of 
infinitesimal variations, they can be applied to any point 
on a triode characteristic surface. The importance of 
the quantities defined, however, lies in the fact that, 
over a considerable portion of the working character- 
istic of the triode, they are approximately constant. 
For example, this will be the case for the curves illus- 
trated i% Fig. 2 (a) and (h) over the regions lying between 
the dotted lines PQ and RS. 

Fundamental Equation doe a Tbiode 

Consider next how variations of anode current depend 
upon variations of grid and anode potentials. With the 
above notation, we may write 


1 



al " “ lr. 8 V “ + sr, 5V « 

= hv a + kSV, 

* P 

= *-(sV 0 + M 8V 9 ) ... (5) 

Provided the conditions under which the triode is 
used be such that the point representing the instantane- 
ous anode potential, grid potential and anode current 
never strays from the straight portions of the character- 
istic curves, the amplification factor and slope resistance 
will remain constant and equation (5) can be re-written 
as 

ia = ~J\ a + ***») • ( 6 ) 



; : 1 


since there is no longer any need to restrict the variations 
to smah^alues. In this equation it is to be understood 
. that the symbols i a , v ai v g refer to variations of the 
. quantities. concerned from initial steady values. 

, The required initial steady values are obtained by 
' # pacing suitable batteries or other equivalent devices in 


L 
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tiie anode and grid circuits, and it will be assumed in 
what follows that, unless the contrary is specifically 
stated these batteries are adjusted so that only the 
sensibly straight portions of the valve characteristics 
are used In the foregoing account no mention has 
been made of the flow of current to the grid of a triode 
because, with one important exception to be considered* 
later, the grid is always maintained at a negative BOtential 
and the grid current is then practically zero. 

Equivalent CracuiT ox a Tbiode 

Coiftider next the circuit shown in Fig. 3 la), where 
an impedance Z and a battery of steady potential V 


Fig. 3. 

complete the anode circuit of a triode. Suppose the 
grid potential to be increased by an amount v g , and let 
the resultant increase of current in the anode circuit be 
V Uwmg to this increase in the current through Z, the 
potential of the an- de will change by an amount v 

S2 e 7 1 w?h lf K b ® th ® “ erease ofpotentiarSfference 
Then from * remain3 constant > * = ~ <V 

pi a + v z = p,v g . . . . ^ 





THE TRIODE 


13 



Equation (7) shows that, for purposes of anode circuit 
calculations of potential and current changes, we may 
replace the triode by the equivalent circuit shown in 
fig. 3 {b). 

In future, unless the contrary is specifically stated, ail 
.varying currents and potentials will be assumed to be 
sinusoidal in form. Then impedances such as Z. may be 
replaced* by their equivalent series resistance R and 
series reactance X. Thus equation (7) may be written 

j = i a (p + R + jX) . . (8) 

where j is the ordinary operator of alternating current 
theory* The numerical magnitude of Z will be deiioted 
by |Z| and is given by the equation 

IZI = VS 2 + X 2 . 

\ . , ■ * . ' ' ■ 

Effect of Inter-eleCtrode Capacities 

So f$r it has been assumed that a triode behaves as 
a pure resistance and possesses no reactive component. 
Actually this is not the case, since, between each pair 
of electrodes, there exists an electrical capacity, which, 

■! although small, is nevertheless very important at radio 
frequencies and has an appreciable effect at the higher 
, audio frequencies. Taking these capacities into account 
and dealing only with changes of current and potential, 
a triode may be represented as in Fig. 4 (a) where Z a 
. and Z g are the external impedances in the anode and 
grid circuits respectively and C x , C 2 , and C 3 are the inter- . 
electrode capacities of the valve. A further complica- 
tion arises from the fact that these small inter-electrode 
I condensers are subject to considerable dielectric loss, 
and consequently an effective resistance should be in- 
cluded miseries with each one. The theoretical treatment 
of this circh.it has been developed by several writers, 
among whom may be mentioned Nichols (3),- Miller (4), 
Hartshorn (5), and Colebrook (6). Since Miller was one 
of the first to point out the importance of inter-electrode 

• 


m 


14 WIRELESS RECEIVERS 

capacities, the effect due to them is sometimes referred 
to as “ Miller Effect.” Most of the important results 
can be obtained from the simplified treatment given 
below. To avoid complexity in the mathematical work- 
mg it will be assumed that the capacities C, and C, are 
included in the impedances Z B and Z a respectively, with 
which they are in parallel. In practice it usually happens ' 
that these two capacities have no important effect on 
the circuit. Furthermore, the equivalent series resist- 
ances of the inter-electrode condensers will be neglected. 
Then the circuit of Fig. 4 (a) will be equivalent to that 



3 
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Fig. 4. 

shown m Fig. 4 ( b ) where p. and p are, respectively, the 
amplification factor and the slope resistance of the 
tnode, and where it is assumed that a sinusoidal E.M.F. 
ot magnitude v„ is maintained between grid and fi'la- 

P? nt ’ i T j e are . two quantities which it is of special 
mterest to determine. The first of these is the effective 
impedance of the circuit lying to the right of the dotted 

i 6 - j ma y be termed the Input 
Impedance of the tnode, and will be denoted * it is 

ISon of^fi^^ 1 impedanCe Z - and the 
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Tli© second quantity, which will be denoted by M, is 
defined by the equation 

M = Z a iJv G . ■ . . (9) 

The quantity ZJ 2 is the output potential due to the 
•input potential v g . Consequently M is the Voltage 
Amplification produced by the valve and its associated 
circuits? Obviously this is the quantity which will be of 
importance in the amplifying stages of a receiver. 

With the notation of Fig. 4 (6) the circuit equations 
become 


m + 1 h 


— HP + hip + Z a ) = — pv gi 

where co is 2tt times the frequency of v r These equations 
may be solved for i x and i 2 m the normal manner. A 
considerable simplification is introduced by writing 


: _A__ 

%a + P 


_ P 
j/C 2 a> 


= j0 2 cop. 


After simplification of the algebraical expressions, it 
then appears that 

z < - - (rT$<& • '• - < 10 > 

•• = - (V .• • • 

Before maldng use of these formulae, it is necessary to 
obtain some idea of the magnitudes of the quantities r 
and g. Replacing Z a by its equivalent resistance^ and 
reactance we may write 


p + R a + j^-a 


• m 
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Of these terms X a may theoretically have any value 
between — oo and + oo, p will always be positive, and 
it will be assumed that R^ also is always positive. (Ry 
the use of special devices, it would be possible to arrange 
for R a to have negative values, but this ease is at present, 
of little practical importance.) Consequently, the value 
of r will always lie between 0 and 1, and will approach 
the latter limit as either R a or X a becomes grfinitely 
large. Turning next to the quantity g and remembering 
that, for an ordinary triode, C 2 is of the order of 5pp/, 
it is apparent that g will be quite negligible in comparison 
with unity unless the magnitude of the product cop be 
about? 10 11 . Since p will never greatly exceed 10 5 ohms, 
this can . only happen when we are dealing with radio 
frequencies. Thus we may summarize the effects of 
inter-electrode capacities at ctudio ftcgucTici os as follows ; 

(a) The input impedance is equivalent to a capacity, 
the value of which is C 2 when the anode impedance is 
zero. The capacity increases with the anode impedance 
and reaches the limiting value of (p + 1)C 2 , when the 
anode impedance becomes infinite. This elective 
capacity is in parallel with the actual grid-filament 
capacity G v 

(h) The voltage amplification is not affected by the 
inter-electrode capacities, and is equal to — . 

At radio frequencies, the quantity g is no longer 
negligible. When the values of Z* and M are calculated, 
it must be remembered that r and g are both “ complex ” 
quantities. Let us therefore write 

v ' . •**$' - , •' • 

r = A +JB, g=jD, 

where A, B and D are real numbers. Then X> = C»a >p 
auditor normal triodes, might have a value as large as 
length of 200 metres {i.e. at a frequency of 
1500 kilocyeles). Also 

r = A +iB = Rg + 


P + R a +jX a - 
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From which it follows that 

. R.0R. + pH- X/ 

A ~ 1JVF7F+ x a 2 ’ 

•D x aP 

B “ (Iv+p) 2 + X a 2 ' 

Then, since R„ is assumed to be positive, while X (I may 
have anf value, positive or negative, it is clear that A 
must lie between 0 and 1 and B between — i and + 
When discussing the input impedance at radio fre- 
quencies, it is convenient to consider it as a resistance 
R 4 in parallel with the capacity C t . Then, from equation 
(10) we have 

1 _ 1 i sn L+^( A ±M .jC a m, 


1 + jD(A +jB) 


from which it follows that * 

« (1 - DB) 2 + X> 2 A 2 1 

* Ki ~ juD(A 2 + B 2 ) + BA - ixB ' C 2 co’ 

P _ (l-DB)+f*A 0 
“ (1 - DB) 2 + D 2 A 2 * 2 ‘ 

The general variation of these quantities with Z a is 
somewhat complicated, but three cases are of particular 
interest, viz. when the anode impedance is a pure 
resistance (X a == 0 = B), a pure inductance (R a = 0, 
X a positive) and a pure capacity (T& a = 0, X a negative). 
The variations with A of R t and C t - for these three cases 
are shown in Fig. 5 (a) and (6) which are taken from 
Colebrook’s original article (6). The curves have been 
calculated for w = 5 x !0 6 , D == 0*75 ; for the sake of 
convenience the reciprocal of R t has been plotted rather 
than R £ itself. When both resistance and reactance are 
present, the®representative curves will lie between tnose 
for pure resistance and pure reactance respectively, 
.except at wave-lengths below about 100 metres, when 
they may lie outside the latter. A general summary of 
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the mode of variation of the input impedance at radio 
frequencies is given below. 1 radl ° 

(a) The input capacity depends upon the anode im- 
pedance and varies in magnitude from C 2 to a value 
slightly greater than (1 + M )C 2 . It is greater for indue! 
tive than for capacitative impedances, and reaches its 
maximum value for a finite anode inductance. 


A/ R SSy 


Resistive - 
Load 


/inductive 
f Load 


Fig. 5. 

Egare 5 is reproduced from “Experimental Wireless,” September 1929 
by kind permission of the Editor. ’ ' ’ 

(b) The input resistance may be positive or negative 
for inductive anode impedances, but it is always positive 
for capacitative impedances. The smallest nevativ! 
value is attained for a finite anode inductance awl thA 
"”£■* posiSvo ™Ino for an Mai 

am rfMcati wTTt the expression fo? voltage 

ampuncation at radio frequencies. This wili.be dealt 

with m the chapter on High-Frequency Amplification. 
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^ # CHAPTER 111 

j THE AERIAL-EARTH SYSTEM 

W HEN an electromagnetic wave impinges cm the 
aerial system of a wireless receiver , an alternating 
j E.M.F. is set up between two points of this system. 
| Now, when an electromagnetic wave passes through a 
point in space, there are produced at that point an 
alternating electric field and *an alternating magnetic 
field, the directions of these fields being at right angles 
to each, other and to the direction of propagation of the 
/ wave. The waves used in wireless transmission are 
j usually plane polarized in such a way that the electric 
I vector is vertical and the magnetic vector horizontal. 

I Furthermore, under normal conditions, the electric and 
| magnetic fields are in phase. A discussion 'of the action 
I of the wave on the aerial system is outside the scope of 
this book, but one proposition which is generally accepted 
may be stated as follows. The electric and magnetic 
fields are merely different manifestations of the wave 
p and each is essential to the wave. They must not b© 
1 ' regarded as entirely separate entities, and when it is 
j desired to calculate the E.M.F. set up in an aerial by the 
j wave, this may be done by considering either the 
I electric field or the magnetic field, but not by considering 
both ancjj adding the results. Furthermore, for mny 
j, given aerial system, it is quite immaterial which field 
we consider, since the calculated E.M.F. will be exactly 
• *the same in the two cases. We therefore choose the one 
_ whichj mathematically, is the more convenient. 
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Types of Aerial 

If we bear the above facts in mind, two distinct trees 
of aerial immediately suggest themselves. Considering 
only the magnetic field, the most obvious aerial is a plane 
loop or coil of wire set so that the plane of the wire is 
normal to the direction of the magnetic field For a 
given amplitude of field variation, the E.M.® set up 
between the ends of the wire will be proportional to the 
area of the. coil and to the number of turns up to a certain 
limit Tins limit is fixed by the fact that, owing to its 
inductance and self-capacity, the aerial has a natural 

fZT'fl °f°®? ll ati ° n and ifthis ^quency be less than 
that of the field variation, standing waves will be set up 

in the aerial, which can no longer be considered as a 
simple coil. Aerials of the type described above are 
own as Frame Aerials, and, since they can be made 
. reas ?nably compact, are frequently used when space is a 
consideration. In practice the area and number of turns 
are adjusted so that the natural frequency of the aerial 
is considerably higher than that of the signal which is to 
be received. *t is obvious that, when a frame aerial is 

t W1 i h ,i ts i >laRe ? aralIel t0 direction of the mag- 
netic field of a wave, no E.M.P. will be induced in the 
aenal. . This directional property is frequently useful in 
discriminating between wanted and unwanted signals 
If we consider the electric rather than the magnetic 
held of an electromagnetic wave, and remember that the 
direction of the former is vertical, the tvpe of aerial 
winch suggests itself is somewhat as shown in Fig 6 
where A and B are two conductors, separated from ekeh 
other by a considerable vertical distance. Since one of 
the requirements of an aerial system is that the two 
points between which the E.M.E. is generated, shall be 
closft together leads are taken from the two conductors 
A and B to adjacent points P and Q. Then the only 
stipulation which need be made with regard to the form 
of A and B is that their electrostatic capacities shall be - 
large compared with those of the connecting wires AP 


B* 
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and BQ. Aerials of a type similar to the one just de- 
scribed were used by Hertz in his original experiments 
on electromagnetic waves, but it was later found more 
convenient to dispense with the lower conductor B and 
connect the point Q to earth. The theory of this is that, 
assuming the earth to be a perfect conductor, an electric 
image of A will be produced and will take the place of B. 

. In practise the conductor A usually takes the form of 
one or more horizontal wires insulated from 
earth at the ends remote from the vertical /V\ 
connecting wire. The E.M.F. generated in \yj 
such an aerial will increase both with the V 
height and with the capacity of the top < 
portion, up to a certain limit which, as in the 
case of a frame aerial, is fixed by the fact 
that, if the aerial be too large, its natural 
frequency will be lower than that of the signal 
and standing waves will be set up. Except ip 
in the case of reception of short waves (wave- q 

length Jess than 100 metres), the limit to the ^ 

size of an aerial is set rather by practical diffi- 
culties of construction than by the natural 
frequency of the aerial. Some interesting ex- 
periments on the design of aerials of this type 
have been carried out by Smith-Rose and 
Colebrook (7). Working on a wave-length of 
about 300 metres, they investigated the manner f g ] 
in which the induced E.M.F. varies with the vy 
height and with the form of the top portion of Fig. 6. 
the aerial. They found that, if the top portion 
consist of two parallel horizontal wires, the E.M.F. is only 
slightly greater than when a single wire is used, and to 
obtain this slight advantage, the wires must be about 8 
feet apart. The addition of still more parallel wires gives 
no further improvement. Using a single wire at a height 
of 25 feet, if is advantageous to increase the length of the 
top portion up to about 90 feet, but not much beyond this 
• point. Keeping the length of the top portion constant, 

. an increase in height was advantageous up to 30 feet, 
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at which point the experiments were discontinued. It 
is reasonable to suppose that similar results would be 
obtained at other wave-lengths, provided the natural 
frequency of the aerial were large compared with the 
signal frequency. This second type of aerial will be 
referred to as an Outdoor Aerial. 

Resistance oe an Aebial r 

It can be.shown both theoretically and experimentally 
that an aerial system ean be represented by the equiva- 
lent circuit shown in Fig. 7, where A and B are the 
points to which the receiver is connected and E is the 


E= E 0 ibt 



E.M.F. induced in the aerial by the signal. Provided 
the natural frequency of the aerial be greater than the 
signal frequency, the reactance X will be negative for an 
outdoor aerial and positive for a frame aerial. It will 
vary with frequency. For a frame aerial the resistance 
R will be determined by the length, size and spacing of 
the wire. In the case of an outdoor aerial, the greater 
part of the resistance R is located in the earth connection. 
A water pipe or buried metal plate is generally used for 
tb is ^connection , and, at first sight, either would appear 
to be an efficient device. However, contrary to what 
has been assumed above, the earth is not a perfect con- 
ductor, and, bearing in mind the electric image theory of 
the aerial, it is clear that resistance losses will occur in 
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currents flowing through the earth in the vicinity of the 
aerial These losses could be avoided if a perfectly 
) conducting metal plate were placed just above the earth 
' and insulated from it, and if the aerial system were 
I connected to this plate instead of to earth. Such a 
scheme is hardly practicable, but T. L. Eckersley has 
| shown (8) that the same result may be achieved by 
I using a number of wires parallel to the top portion of 
the aerial. These wires are placed a few feet above the 
grohnd and carefully insulated from it. Such a system 
1 of wires is known as an Earth Screen. This device was 

! originally developed by Eckersley for use with trans- 

■ * mitting aerials, but Smith-Rose and Colebrook # have 
j shown that it is equally effective in the case of receiving 
aerials. Furthermore, they found that little is to be 
gained in this case by using more than two wires placed 

! about 30 feet apart and 3 feet above the earth. The 

wires should be rather longer than the horizontal portion 
of the aerial, and should be symmetrically placed with 
respect to this portion. With a screen of this type the 
resistance of an aerial should be only a few ohms, while, 
with a poor earth connection, it may be as high as fifty 
ohms. 

Selectivity of an Aerial System 

The practice of “ tuning ” an aerial, originally intro- 
duced by Lodge, is now almost universally adopted. 
By cc tuning 55 is meant the addition to an aerial system 
I of such inductances or capacities or both as will cause 
r the system to resonate to the incoming signal. The 
I advantages of this are twofold, since the E.M.F. of the 
wanted signal is greatly magnified, while the E.M.F. of a 
signal on any other wave-length is practically unchanged. 
Consequently, the receiver becomes selective. *The 
selectivity d? a receiver is a general term used to denote 
the capability of a receiver to discriminate between two 
signals on wave-lengths which are not greatly different. 
Since a receiver will normally be required to operate on 
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any wave-length within a prescribed range it (hiu 
that at least one of the aerial circuit elements m „2-T 

eSS’T 8 7 Va y iable over a defi nite range of values to 
aOT t0 be tUDed t0 the requhed freouencv 
, eitb f a capacity or an inductance may be made 
continuously variable, the former plan is much the 
convenient m practice, and is usually adopted ** ? 

Before discussing the methods which may be used to 

fKc^’ n ? onnectlon it must be remembered 
to the incoming signal will, in general, comprised 
wave and two side-bands. Assuming that the 


£?»ir<s wajtz ti? to re ? roto h » * 

ss ttSS isxmt SF 

changed by resonance in the aerial „ wT ^ Un " 
amplitude of a side hand * * * clrcm t> the output 
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and side-band increases. Now, this frequency difference 
is equal to the frequency of the note which is being 
transmitted. It therefore follows that the use of a 
circuit with a resonance curve such as ( b ) will cause a 
reduction of the amplitudes of high notes in the "speech 
or music which is being transmitted. This effect, which 
is a particular type of frequency distortion, is known as 
• Side-BaM Cut-off, It can be aVoided by increasing the 
resistance of the tuned circuit so that the resonance 
curve takes the form shown in (c) Fig. 8. If this 
done, however, the selectivity of the receiver will be so 
poor that it will be difficult to separate transmissions 
from two stations on neighbouring wave-lengths. # Thus 
it appears that a suitable resonance curve cannot be 
obtained by using a single-tuned circuit. We shall re- 
turn to this point later, when the various stages of a 
receiver have been considered. @ 

General Theory of Aerial Tuners 

© 

The methods which may be used for tuning an aerial 
are so numerous that it will be impossible to consider 
each one in detail. However, a great deal of informa- 
tion concerning the principles involved may be gathered 
from a study of the circuit shown in Fig. 9, where E is 
the E.M.F, induced in the aerial and Z e is the combined 
impedance of the aerial and any circuit element which 
may, for any purpose, be added to the aerial. The 
points P and Q are supposed connected between grid 
and filament of the first valve of the High-Frequency 
Stage and therefore, in accordance with the principles 
laid down in Chapter II, the impedance between these 
two points will depend upon the load in the 
circuit of this valve, and may be represented by 
resistance* R* shunted by a capacity. For reasons wtiich 
will appear later, we suppose an additional variable re- 
actance to be placed in parallel with R 0 , so that the total 
' impedance Z 0 , between P and Q may be represented as 
shown in the figure, by a resistance R 0 shunted by 
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reactance X 0 . The reactances which are added to the 
aerial circuit will, in practice, of necessity be accompanied 
by resistances. For the sake of simplicity we suppose 
these resistances included in the terms R e and R 0 . Let 
the E.M.F. E give rise to a voltage V between the points 
P and Q ; then V is the input E.M.F. to the High- 
Frequency Stage, and it is obviously desirable that this 
E.M.F. should be as large as possible. We proceed to 
investigate the effect of variation of the circuit elements 


feRet/XK 


9 0 


Fig, 9. 


V X, 




on (a) the ratio V/E, and (6) the selectivity of the circuit. 
With the notation of the figure, we may write 

I-JL + JL 

z 0 R, jx; 

Z 0 =j B„X 0 /(B 0 -j~JX 0 ) = Rj -f- jX 1 (say). 
Then | Z, | • = R 0 a X//(R/ + X 0 2 ) 
and- R l = R O X 0 2 /(B O 2 + XJ) = | Z 0 1 , ( i 3 ) 

Furthermore i = E/(Z C -f Z 0 ). 

Now for a given value of Z 0 , V will be a maximum when 
» is a maximum, and this will occur when X = - X ■ 
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. i.e. when the circuit is tuned to resonance. Assuming 
this condition to be fulfilled, 

• Y = Z 0 i = EZ 0 /(R^ + R x ), 

| so that ^ V/E = Z 0 /(R e + R 2 ). 

Considering only the absolute magnitude of V/E without 
. regard te phase, we may write 

| V/E | = \Z 0 \ l(R e + Rj), 

. or substituting from (13) for R 2 

■I-' ‘ | V/E | = R„ | Z,, | /(R<,R e + 1 Z 0 j 2 ). . 

Ry differentiation we can show that this expression lias 
a maximum value when 

| R -A = 141* • • • • (14) 

■f # 

so- that, finally, when this condition is fulfilled, 

i v/e i = § Vrjr; . ■ . . (i5) 

■ We may further note that, in this case 

Ri = | Z 0 [ 2 /R 0 = R^, 

so that the equivalent series input resistance of the valve 
is equal to the resistance of the aerial. 

From the above analysis it becomes clear that,, in 
order to obtain the maximum value of V, two adjust- 
_ ments of aerial reactances are necessary. The first of 

■ these establishes equality between the aerial resistance 
| and the equivalent series input resistance to the High- 
I Frequency Stage, while the second brings the circuit to 
I resonance. Now, of these two, the second is vastly 

more important than the first, since failure to establish 
I resonance may decrease the value of V by a factor as 
high as 50, while incorrect matching of the two resist- 
v ^ ances will seldom reduce the value of V by more than 
about 30 per cent. While, therefore, one continuously 
variable reactance is essential to an aerial circuit to 

>* • 
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allow tuning over a range of wave-lengths, the second 
reactance is for the sake of simplicity, usually fixed at 
some definite value and the matching of resistances is 
fcneii not accurately carried out. 

Factors Affecting Selectivity 

Consider next the question of selectivity. The current ' 
flowing round the circuit (Pig. 9) is given by 

1*1 = E/[(R, + R x )a + (X, + X,)*|i. 

Sincere reactances X, and X x must be of opposite sign 
for resonance to be obtained, we will suppose one of 
ttmm to be an inductance L and the other a capacity C. 

1*1 = mV(R. -KRj) 2 + (Lo 
and the circuit will resonate when 


1/Co) 2 


giving 


"0 


«. = i/Vlc, 

= E/(R. + Rj). 


If now the frequency be changed to some neighbouring 
value so that « becomes o 0 + So, where So is small 
compared with o 0 , the current will be given by 

^ * I « 0 + iw 

= ®/ Vi* + R i ) 2 + T l K+ So) - * A _ M ] 2 

_ , o 0 / J 

= E/V(R, -f Rj* + 4L 2 (So) 2 . _ • . . (16) 

Sl e l, th !. ra t ti0 J*U/l*L+«. will give an indication of 

i °|. the cireuit > and equation (16) we 

see that the conditions for this ratio to be lafgeVe : 

frf. and R i to be as small as possible. 

(ft) With a given value of R e -f R„ the ratio L/C ' 
to be as large as possible. 
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The second condition is usually of minor importance, 
since the ratio L/C is fixed by considerations of the band 
of wave-lengths to be received. Of the quantities R 0 
and Rj, the former will not greatly exceed the resistance 
■ of fhe aerial, provided properly designed reactances be 
’used, and so cannot be varied to any great extent. Thus 
the selectivity of the circuit is determined largely by the 
value of Rj which can be adjusted by suitable choice of 
X.. Obviously, the value of X 0 which gives the required 
selectivity will not, in general, be the same as that which 
secures matching of R, and R 1? but usually selectivity is 
the more important factor. 

The above theory has been worked out with reference 
to the circuit of Eig. 9, and it will be appreciated that all 
practical aerial circuits do not agree in detail with this 
particular one. Nevertheless, the underlying principles 
are always the same and therg should be no difficulty in 
modifying the theory to suit any given case. 

Types of Aerial Tuner 

By way of illustration of the above theory, we give 
details of some of the more commonly used aerial tuning 


R„ C “ C .‘ 




Fig. 10. 


circuits. Consider first the simple Series-tuned circuit 
represented in Eig, 10 (a). The equivalent circuit is 
dra-#n in Eig. 10 (6), and corresponds exactly to the case 
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considered above, the elements to the left and right of 
the dotted line forming the impedances Z e and Z„ re- 
spectively. The more usual Parallel-tuned circuit is 
illustrated in Fig. 11 (a) and ( b ), where the dotted line is 


■* r' 
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to C 0 . The setting of condenser C to tune to any par- 
t > tieular wave-length will then be independent of the 
; aerial to which the receiver is attached. This fact is of 

j great commercial importance, since if the receiver be 

calibrated during course of manufacture, the calib r ation 

* will be unaltered when t he receiver is attached jbo-A- 

different a erial . 

• ^An'dtfer type of aerial system is shown in Fig. 12,* 

0 where the applications to an outdoor aerial (a) and a 
frame aerial ^6) are illustrated. Although the details are 

1 ' not quite the same as in the circuit of Fig. 0, the prin- 
ciples are identical in the two cases. The circuit is 
tuned by adjustment of C and the selectivity is con- 
trolled by means of C r 

Equivalent CmorriT of a Transformer 



We turn now to a rather different type of aerial tuning 
system, viz. that in which a transformer is used. Since 



(*) (•>) 

Fig. 13. 

transformers are of considerable importance in radio 
receivers, we proceed to establish some of their more 
important properties. Consider the circuit of Fig. 13 (a) 
where an E.M.F. E in series with an impedance 
Z x = E x "+ JSL X is applied to the primary of a transformer 

*In Fig. 12 (6) and in many of the circuit diagrams which 
follow, the . Grid Bias battery (G.B.) has for simplicity been 
omitted. 

■ © 
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the secondary of which is connected to an impedance 
Z 2 = R 2 -f- jX„. Let the primary, secondary, and 
mutual inductances be L I; L 2 , and M respectively, and 
let the resistances of the windings be included in R x and 
R 2 . It will be assumed that there is perfect coupling 
between the two windings, so that 



?x} (17) 


If we further assume that and L 2 are proportional to 
the squares of the numbers of turns on primary and 
secondary respectively, we may write S = VLJL, 
wher% S is the turns ratio of the transformer. 

Let E' be the E.M.P. across the primary winding after 
allowing for the voltage drop in the impedance Z,. Then 
with the notation of the figure, 

jh 1 coi 1 -f jM <oi s = E' 
jlj 2 a>i 2 jX z i 2 -f- R 2 i 2 + jMwii = 0. 

From which it can be shown that '• 

L - E ' (R a +ia X +jL 2 a>) ¥ , f 1 L 2 /Lj ) 

^'R 2 Lj£o - L^jto E (jLjco + R 2+ j'X 2 } 17 

_E'-jL 1 wi 1 -E'VhJL, 

• ( 18 ) 

From equation (17) we see that, so far as the primary 
current is concerned, the circuit of Fig. 13 (a) is equivalent 
to that of Fig. 13 (b), where the secondary of the trans- 
former has been removed and the secondary load im- 
pedance divided by S 2 , has been placed in parallel with 
the pnmary winding. Furthermore, it is clear from 
equation ^ (18) that the E.M.F. across the secondary 
winifi^ 18 ^ ^ mes E.M.F. E' across ^heir primary 

The circuit of Fig. 14 (a) provides an example of the 
application of a transformer to an aerial tuning system - 
K represents the input resistance of the first valve' of the 
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receiver. In tills case a “ tapped ” coil is used to form 
an auto-transformer, but the theory developed above 
still applies except that the coupling between primary 
and secondary will not be perfect, and equation (17) will 
not hold. However, it can' be' shown that this alteration 
will make very little difference to the results previously 
obtained, provided the coupling be not too loose. The 
equivalent circuit is shown in Fig. 14 (b). Resonance is 
obtained by variation of the capacity 0 and matching 
of the resistances by correct choice of the transformer 
ratio S. The input E.M.F. to the first valve will be S 
times the E.M.F. E' across the inductance L. If the 


transformer ratio be high, the frequency calibration of 
the condenser C for resonance will be almost independent 
of the constants of the aerial. 


\ Stability of an Aerial System 

I In conclusion, we must consider what will happen if 
^ the input resistance of the H.F. amplifier should become 
I negative* this case, it is obvious that the quantity 
| of energy supplied from the aerial to be dissipated by the 
1 H.F. amplifier is negative. This is equivalent to saying 
y- that energy is flowing from the H.F. amplifier into the 
aerial, system. If the rate at which this flow takes place 
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be greater than the rate at which the energy can be 
dissipated by resistances in the aerial circuit, the E M F 
m the aerial circuit will increase indefinitely. It follows 
that the slightest electrical disturbance of any kind in 
the aerial circuit, whether due to a signal or not, would 
cause this circuit to burst into oscillation. Furthermore 
the rate at which energy is fed into the aerial circuit 
will be greater for a small value of negative assistance 
than for a large value. Thus it follows that, for anv 
given aerial circuit, there will be a critical value of re 
sistance ; if the input resistance of the H.F. amplifier 
be negative and less than this critical value, instability 
will fcsult. This conclusion is entirely confirmed bv a 
more rigorous mathematical analysis, and bv the ex- 
perimental investigations of Miller (4). 




CHAPTER IV 


HIGH-FREQUENCY AMPLIFICATION 


T HE function of the High-Frequency stage* of a 
wireless receiver is to magnify the H.F. potential 
which is applied to it by the aerial tuning system. The 
general circuit of a H.F. amplifier is indicated in Fig. 15, 
where the input E.M.F. % is applied between grid and 
filament of the valve V v Included between the anode 
of this valve and the positive end of the H.T. supply is 
an imjfedanc© Z a9 which must provide a path for the 
steady current necessary for the operation of V x . Let 
e/ be the E.M.F. produced between grid and filament of 
the valve V 2 ; then, since we may regard e g ' as the out- 
put E.M.F. from V l5 the ratio e g f je g measures the ampli- 
fication due to the stage which includes V x and the 
associated circuit elements. Theoretically, any number 
of stages may be placed in cascade for the purpose of 
obtaining greater amplification, but the practical diffi- 
culties become very great if more than two or three 
stages be used. The underlying principles remain the 
same, however many stages are used, so it will be un- 
necessary to consider more than one. 

Whether the valve V 2 form part of a second H.F. 
stage or a part of the Detector stage, it will require a 
steady grid potential considerably different from that of 
the point A, Fig. 15. A condenser C is therefore inserted 
between the grid and this point to prevent the flow of 
direct current while, at the same time offering a free 
path to the flow of high-frequency alternating current. 
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i^ffnAnJ al f f °J \ he c , a P acit y of thia condenser is 
about 0-0003 flf, and at a frequency of a million cycles 
per second it would then have a reactance of about 500 
ohms. A resistance R, known as a Grid Leah , in series 
with a grid bias battery (G.B.) connects the grid and fila- 
ment of V : 2 , and by this means the steady potential of 
the grid is maintained at an appropriate value. Simi 
. larly the steady potential of the grid of V x is mlintained ' 


^CT ^£L*j ^CL 


e r 






T 1 



1 

y. B. 

JL — jsk. 



Fig. 15 . 

tunbg Ui sy1te e m Va!Ue ^ a “ cluded in the aerial 

The choice of this potential in the case of a H.F. 
amplifier is hmited by two considerations. In the first 

duTt^ S U d h t S 18 * the g fid potential variations 
due to the input E.M.F. e„ never cause the operating 

+° St + ray ? om the strai ght portions of Che valve 
never C ^ nS * 1CS ^ ee -,P' 11 ^* Secondly, the grid must 
Positive potential, since this would cause 
gnd current to flow, thus adding a variable load to the 
aerial tunmg system. The precise effects of this- load 
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are not easy to calculate, but it would certainly cause 
loss of signal strength and probably distortion also. 

Before considering the nature of the impedance Z tt , it 
will be convenient to re-draw the circuit of Fig. 15, 
replacing Y t by its equivalent circuit and omitting all 
Sources of steady potential. This has been done in 
Fig. 16,^ where R t - and C £ are respectively the input 
resistance . and capacity of V 2 , p is the slope resistance, 
and ft the amplification factor of Y v . Interelectrode 
capacities of Vi are for the moment neglected ; their 
importance lies in the effect which they have upon the 


rAAA/ — 


input resistance of the H.F. stage, and this will be con- 
sidered in detail later on. 

In practice the reactance of C (Fig. 16) will be negligibly 
small compared with the impedances of the other circuit 
elements, so we may omit it. Then writing Z for the 
impedance of Z a9 R, R* and C { in parallel, 

Voltage Amplification = e g '/e g = /xZ/(Z + p). 

Thus, murder that the amplification shall approaclf the 
limiting value ft, it is necessary that Z be large compared 
with p. Now p will not usually be less than 10,000 
ohms, so that Z should be at least 50,000 ohms. Of the 
elements which are included in Z, R can be made so 
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large that it will not appreciably affect the value of Z, 
in practice it is usually of the 'order of one megohm! 
The resistance of R, will depend upon the load in the 
anode circuit of V 2 , but will usually be an appreciable 
fraction of a megohm and will not greatly affect the 


Resistance Coupled Amplifiers 

Consider first the case of Resistance Coupling, wdien 
Z a is a pure resistance of value R tt . Then the absolute 
mageitude of Z is given by 

I Z I = R./VT+ R 0 2 C/a) 2 , 

where co = 2 rrf. Consequently, the maximum possible 
value of |Z| is l/0 t -o>, which will occur when R a is in- 
finitely great Now, as explained in Chapter II, the 
value of C* will depend chiefly on the anode-grid capacity 
of v 2 and the impedance in the anode circuit of’V 23 but 
it will not usually be much less than 50 ppf, so that, at 
a frequency of one million cycles per second, the limiting 
value of JZJ will be about 3000 ohms, and this is too 
small to give efficient amplification. On account of this 
shunting effect of the capacity C,-, resistance coupling is 
notgeneraily used except on wave-lengths greater than 
1000 metres, where the reactance is correspondingly 
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be employed between V 2 and the valve which follows it. 
For further details of multiple valves of this type the 
reader is referred to the bibliography at the end of the 
book (9).. 


■ Fig. : 17. 

Choke Coupling 

Consider next the case where the impedance Z a (Fig. 
16) is a High-Frequency Choke. The stage is then said 
to be Choke Coupled and the circuit is as shown in Fig. 18, 
where the capacity C x includes both the self-capacity of 
the choke and the input capacity of the next valve, 
while the resistance R x includes the input resistance of 
this valve, the equivalent shunt resistance of the choke 
itself and the resistance of the grid leak R (Fig. 16). 
Let Z be the impedance of L, C x and R x in parallel. 
Then 

z = R, + jU, ~J r== n 1 +i(ClC0 ~ 1/M * 19) 

Let g |>e the voltage amplification due to the stage ; 
then * * 

g = pZ/(Z +• p) = fil(l + p/2) 

==/*/{ 1 + +5p( C x ai — 1/La))| . (20) 
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Thus gr will be a maximum for that value of w (say a, 1 
for which Cjto — 1/L&>. Then we may write ° ’ 

^"o = mRi/(Ri + p) ■ . . (21) 

Since the amplifier will normally be required to operate 
efficiently over a band of wave-lengths, it is desirable 
to design the choke in such a way that the value of a 
shall be as nearly as possible equal to that given by (21b 
when co is not equal to co„. In order to do this, we see 
from equation (20) that, for a given value of o>, the 
quantity Cjco — 1/Lco must be as small as possible. 
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j,f, ea T 7 . m ttat > for a given value of co the pro- 
«.+• ubb 1 l S we see that this condition will be 

ThS e inI hei 4 1 ratl0 J C i /L is a « small as possible. 
This assumes that Rj is independent of this ratio, whereas, 

ior a choke of given dimensions, a decrease of the C,/L 
ratio will usually involve a decrease of the equivalent 
shunt resistance of the choke. equivalent 

At first sight it might appear that the choke should 

wA,o!fr ned i! n & ; ucha manner that its resonant frequency 
would he about midway within the band of frequencies 
to be amplified. This, however, is seldom done for 

T\ mUSt n °^ consider - 14 is clear that 
oke will behave as a capacity or an inductance, 
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according as its resonant frequency is less or greater 
than the frequency of the signal which is being amplified. 
In the first case the input resistance of the stage will 
always be positive, hut in the second case it may he 
either positive or negative so that, as explained on page 
33, there is a possibility that spontaneous oscillation 
may result. To avoid this possibility, ELF. chokes are 
, general^ designed so that, when connected in the anode 
circuit of a valve, the resonant frequency of the result- 
ing combination shall be slightly less than the lowest 
.frequency to be amplified. 

Both in resistance-coupled and choke-coupled H.F. 
amplifiers the circuit elements are all fixed an€ are 
designed in such a way that the amplification does not 
vary greatly over a range of frequencies. Such ampli- 
fiers are said to be Aperiodic. 


Transformer Coupling 

We turn now to Tuned amplifiers in which at least 
one of the circuit elements is variable so that its magni- 
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Fig, 19. 


tude can be adjusted to suit the particular frequency of 
the signal which is being amplified. The most general 
type of tuned amplifier is that in which Transformer 
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Coupling is employed, the circuit being as shown in 
Fig. 19. For purposes of calculation we may replace 
this by the equivalent circuit shown in Fig. 20 where p 
and p are respectively the amplification factor and slope 
resistance of V v L x the inductance and r 1 the resistance 
of the transformer primary, L 2 and r 2 the' corresponding 
quantities for the secondary, M the mutual inductance be- 
tween primary and secondary, and 0 2 a variable capacity 
by means of which the circuit is tuned to resonance. 
The input capacity of V 2 is supposed included in C 2 with 
which it is in parallel. Similarly, the input resistance 


Fig. 20. 

of V 2 may be supposed to be included in r 2 , as is shown 
by the following considerations. Consider (a) an im- 
pedance Z x consisting of an inductance L in series with 
a resistance r, and (b) an impedance Z 2 consisting of an 
inductance L in parallel with a resistance R. Then 

Z 1 — jlLw + r 

Z 2 = jfLa)R/(R -f- yLto) 

= (LVR + jLa>W)l(W + IA»*). 

If R be large, so that IAo 2 can be neglected ifo comparison 
with R 2 , we have 
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Then the impedances Z x and Z 2 will be identical, provided • 
r = IA«i a /R. R is frequently termed the “dynamic” 
resistance of the tuned circuit. Hence in Fig. 20, the 
resistance of the transformer secondary and the input 
resistance of V 2 may both be represented by a single 
series resistance r 2 or by a single parallel resistance B 2 , 


where R« 


Sometimes one and sometimes the 


other form is more convenient. 

The circuit of Fig. 20 has been discussed by several 
writers, including Browning and Brake (10) and 
McLachlan (II). The treatment here given is due to 
McLachlan. Let k be the coefficient of coupling so that 
M 2 = /c 2 L 1 L 2 , and let Lo/Lj. = S 2 , then in general S will 
be approximately equal to the turns .ratio of the trans- 
former. The resistance r 3 will be quite negligible in 
comparison with p and will be omitted. Then solving 
the circuit equations in the normal manner and writing 
k/8 = a } we find # 

_ L 2 fie g (221 

• " ~ aU + ptfiita ’ 1 ' 

Now the same transformer will usually be required to 
operate over a range of frequencies and, since resonance 
must always be established, C 2 will be inversely propor- 
tional to the square of the frequency. Furthermore, r 2 
will increase with frequency (owing to “ skin ” effect, 
etc.), and, over the working range, can be shown to 
be approximately proportional to frequency. Therefore 
r 2 V C 2 will remain approximately constant, while r 2 C 2 
decreases with frequency. Now from equation (22) it 
is easy to show ‘that the maximum value of e g * will 
result when 


aL 2 — - pr 2 0 2 /® 

a = Vpr 2 C 2 /L 2 




and, unless the coefficient of coupling of the transformer 
. can be varied, this condition can only be satisfied for 
one particular frequency. In practice it is usual to 
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employ fixed coupling and design the transformer for 
some frequency intermediate between the maximum and 
minimum values which may be encountered. 

When the transformer is tuned to resonance, the im- 
pedance of its secondary will be equal to its “ dynamic ” 
resistance B 2 , where R 2 = o> 2 L 2 2 /r 2 = L 0 /r 0 Co. * 

Substitution of this in (23) gives us for "the optimum 
ratio, 

a = K /s= Vp/W 2 
and with this value of a 


r e t = IP ■ ■ . (24) 

Thus for efficient amplification, R 2 must be large, and 
since the magnitude of R 2 is governed to a large ektent 
by the series resistance of the secondary of the trans- 
former this resistance should be kept as small as possible 
ft is not important for the resistance of the transformer 
primary to be low, since in any case, it will be almost 
negligible in comparison with the slope resistance of the 
valve with which it is in series. One important eonse- 
quence. of equation (24) is that the quantity which 
determines the efficiency of a valve in a H.F. amplifier is 

the ratio so that it is advantageous to use valves 
with a high value of /x. 

The theory given above enables us to calculate the 

ff™^ I fl tra i n l 01 ? ner ™ tio . for “y given set of conditions, 
but our final choice of ratio may be influenced by other 

selectivitv^fTl, 6 e ? SCt V ? ich £t wiU ^ve upon the 
selectivity of the receiver. In estimating this we must 

%S*£JS£?* ^:- of WB- 20) i. to a large 
baSf w^- ? W 0ns of manufacture and the 
ita«fiv^T' engths to *> e covered * so that we may regard 
T fr ^ uen °y- Then assuming that 
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the transformer ratio will increase the effective capacity 
of the tuned circuit and a gain in selectivity will result. 

Toted Anode Coupling 

i/ 01 ?, of c ° u P lin g which is frequently used is depicted 
in Dig. 21, and is known as the Tuned Anode. We may 
regard %as a tuned auto-transformer of unit ratio, to 
which are added a condenser C' and grid leak R' in order 
that the steady potential of the following valve may be 
maintained at a suitable value. The equivalent circuit 
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Fra. 21. 


is shown m Fig. 21 (6), where r' includes the added effec- 
tive resistance due to the grid leak in parallel with the 
inductance, as well as the true resistance r of the induct- 
ance ; the capacity C is omitted, since it will be suffi- 
ciently large for its reactance to be negligible in com- 
parison vdth other impedances in the circuit. The qjiief 
advantage of the Tuned Anode is that it enables us to 
dispense with a double winding on the transformer, and 
so simplify the construction of the H.F. stage. 

Another form of coupling is illustrated in Fig. 22 (a) 
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and, omitting the capacity C' as before, the equivalent 
circuit is shown in Fig. 22 (6). If the ELF. choke L', r' 
be well designed, the load which it adds to the tuned 
circuit will be very small, so that this form of coupling 
is essentially the same as the Tuned Anode. 
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Fig. 22, 


Stability of an Amplifier 

We must now consider the effect which the anode-grid 
capacity of the valve of a tuned ELF. amplifier will have 
upon the input resistance of this stage. We will first 
determine how the input resistance changes with variation 
of the capacity C of the tuning condenser of the amplifier, 
and we will suppose that when C is equal to 0 o the 
amplifier is tuned to the frequency of the incoming 
signal Then, bearing in mind that the anode circuit 
of the amplifier will behave as an inductance, a pure 
resistance or a capacity according as C is less than, 
equal to, or greater than C^, and applying the formulae 
derived in Chapter II (cf. Fig. 5, p. 18), w& see that the 
general form of the variation of the input resistance with 
0 will be as shown in Fig. 23 which, however, is not drawn 
to scale. 
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It thus appears that, over a certain range of values 
of C, the input resistance of the stage will be negative 
and, since the stage will usually be preceded by a tuned 
aerial circuit, there is a possibility that spontaneous 
oscillation may occur. Whether it will, in fact, occur 
will depend upon the constants of the aerial circuit and 
the smallest negative value attained by the input resist- 
ance of the H.F. stage, and this latter, in turn, will 
depend upon the constants of the anode circuit and the 
anode-grid capacity of the valve of the H.F. stage. At 
first sight it might be argued that this effect is of little 


importance since, when the H.F. stage is tuned to the 
signal frequency its input resistance will be positive and 
therefore spontaneous oscillation cannot occur. This 
argument, however, is unsound because, although it is 
true that oscillation cannot occur at the signal frequency , 
it can and often will occur at some slightly lower fre- 
quency for which the input resistance is negative. 

The mathematical theory of this effect has i>een 
worked out^y Beatty (12) for Tuned Anode coupling, 
and by Butterworth (13) for Transformer Coupling. 
For our present purpose it will be sufficient to state that, 
in both cases, spontaneous oscillation will always occur 
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when efficient coils and tuning condensers ar© used in 
conjunction with an average triode, so that efficient 
H.F. amplification cannot be obtained unless some steps 
be taken to overcome or diminish the effect which we 
have been considering. 

It was shown in Chapter II that the input resistance 
of a valve, and therefore of a H.F. amplifier stage, 
depends to a very great extent upon the anode-grid 
capacity, G ag , of the valve. In particular, if v ag could 
be made sufficiently small, the absolute value of -the 
input resistance, whether positive or negative, would be 
so high that there would never be any danger of spon- 
taneous oscillation. Now it must be remembered that 
the effective anode-grid capacity includes not only the 
actual internal capacity between the valve electrodes, 
but also the external stray capacity between all wires 
connected to these electrodes. Obviously, therefore, the 
first step lies in eliminating these external stray capacities , 
# and this is always done in modern receivers by surround- 
ing all components by metal screens which act as electro- 
static shields. These screens have the further advantage 
that, if they be properly constructed, the eddy currents 
induced in them will effectively neutralize any inductive 
coupling between adjacent components. For further 
information on this subject the reader is referred to an 
article by Smith-Rose (14). 

When all external stray capacities have been eliminated 
by screening, the remaining internal capacity of an 
ordinary triode is still too large for efficient stable H.F. 
amplification to be obtained. An early attempt to 
overcome this difficulty was made by Round, who con- 
structed valves in which the leads to the various elec- 
trodes were brought through the glass envelope at points 
well separated from each other. These valves never 
becajne very popular, partly because the reduction in 
capacity was not sufficient and partly because the valves 
were difficult to construct commercially. The first real 
solution to the problem was put forward by Hazeltine 
under the name of the “ Neutrodyne 33 circuit. Several 


HIGH-FREQUENCY AMPLIFICATION 49 

modifications of the original circuit have since appeared, 
but the underlying principle is the same in ail of them, 
and consists in arranging the H.F. stage in the form of 
a “ bridge ” circuit and adding a small £t neutrodyne 
capacity in such a way as to neutralize the valve inter- 
electrode capacity. The arrangement for a neutral- 
ized ” tuned anode H.F. stage, together with the equiva- 
lent circuit, is illustrated in Fig. 24, 'where G ag is the 
anode-grid capacity of the valve and C 2 the capacity, of 
the neutrodyne condenser. We shall not consider these 




Fig. 24. 


interesting circuits in greater detail because, at the 
present time, they have been rendered almost superfluous 
bv the introduction of the “ Screen-Grid ” valve. 


Sceeen-Gbid Valves ■ 

. Since fhe*early days of the introduction of the ther- 
mionic valve into wireless receivers, experiments have 
been carried out with valves containing more than three 
electrodes. One of the earliest workers in this field was 
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Schottky, who used valves in which two grids were 
interposed between the filament and anode. He 
realized quite clearly that, if the outer, of these grids 
were maintained at a definite steady potential with 
respect to the filament, it would act as an electrostatic 
screen between the inner grid and the anode without 
seriously impeding the flow of electrons from filament 
to anode. Schottky does not seem to have ma|.e much 
use of this idea, and it was not until 1925 that Hull 
(15) showed that the arrangement might he successfully 
used to overcome the harmful effects of anode-grid 
capacity in H.E. amplifiers. It will be convenient to 
speak«of the inner grid as the control grid, and the outer 
grid as the screen grid. Hull constructed valves in which 
the electrostatic screening was as complete as possible, 
and thus he was able to design H.F. amplifiers which were 
very much more efficient than any previously used. How- 
ever, his valves were somewhat difficult to construct and 
did not become very popular. A year or two later Round 
designed Screened-Grid valves which could be ^manu- 
factured commercially, and since that time similar valves 
have been used almost universally in H.F. amplifiers. In 
the modern Screened-Grid valve the anode lead is brought 
to a separate terminal on the top of the bulb, while the 
remaining leads are taken to a cap on the base. The 
potential of the screen grid is maintained at some value 
intermediate between those of the filament and plate 
respectively. ' The screen grid is usually constructed in 
such a maimer that it has a flange extending to within 
a millimetre or two of the walls of the bulb so that the 
shielding effect may be continued almost without break 
by an external metallic screen. When this external 
screen is used the residual anode-grid capacity may be 
of the order of 0-005 or about one-thousandth part 
of that which obtains in an ordinary triode. r 
We have seen above that the screen-griS valve was 
originally introduced to overcome the harmful effects 
due to anode-grid capacity in H.F. amplifiers. The 
introduction of the screen grid has, however, an addi- 
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tional very important effect upon the characteristics of 
the valve in that it materially weakens the control which 
the anode is able to exert on electrons near the filament. 
As a result, both the slope resistance and amplification 
factor of the valve are greatly increased, and since, as we 
have seen, the efficiency of the valve in a H.F. amplifier 
depends upon the ratio /x/V p, the introduction of the 
screen-grid is beneficial, quite apart from its use in 
preventing spontaneous oscillation. 



s 



CHAPTER V 

THE DETECTOR STAGE 

T IJE function of the Detector Stage is to convert the 
modulated high-frequency E.M.F., which it receives 
from the preceding stage s into an alternating E.M.F. of 
modulation frequency. It is clear that such a change 
cannot be brought about by any conductor which obeys 

©Ohm’s Law, so that the 
i s principal characteristic of a 

J detector stage is that |t shall 

be a device in which the 
• / current flowing is not propor- 

[ j tional to the applied poten- 

J /q tial. Perhaps the simplest 

T « / arrangement which fulfils this 

N. | / requirement consists of a 

\ J / pointed metallic conductor 

resting lightly on the surface 
-- of a crystal of Galena, 

x. Carborundum, or certain 

— — - other natural or synthetic 

^ ^ 3 minerals. These crystal de- 

Fig - 25 - tectors were widely used in 

the early days of wireless 
telephony, but are losing their popularity owing to the 
fact that they require careful adjustment 5f the point 
of contact between metal and crystal ; furthermore, this 
adjustment may be completely upset by the slightest 
vibration. For this reason crystal detectors are seldom 
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incorporated in any but the most simple receivers, and 
we shall not here consider them further. For a more ■ 
detailed account of these detectors the reader is referred 
to a series of articles by Colebrook (16). 

Turning next to the ordinary thermionic inode, we 
see that several portions of its characteristic curves are 
non-linear, and so might conceivably be used in a de- 
tector sta^e. Neglecting curvature ^ due to saturation of 
'the electron current, which could not be used without 
damage to the valve except with pure tungsten fila- 
ments, the number of possibilities reduces to three, viz, : 
the initial curvature of the grid current-grid voltage, 
anode current-grid voltage or anode current-ajiode 
voltage curve respectively The second and third of 
these curves are illustrated in Fig. 2 (a) and (h) respec- 
tively (p. 9), while the first is of the form indicated by 
the curve OPQ of Fig. 25. 


Gain Circuit Detection 

• 

The process which makes use of this grid current-grid 
voltage curve in a detector stage is usually referred 
to as 4 "Cumulative Grid” or “Leaky Grid” detection. 
Both of these terms are misnomers arising from an 
imperfect understanding of the action of the circuit, so 
we shall here refer to the method as Grid Circuit Detection. 
Two variations of the circuit used with this method of 
detection are illustrated in Fig. 26 (a) and (b) respec- 
tively. Since the principles involved are practically the 
same in both cases, we shall consider only the circuit of 
Fig. 26 (a). Here the H.F. input potential is applied 
between A and B ; C is a capacity and R a resistance, 
the values of which we shall consider later, C x the input 
capacity, and R x the input resistance of the valve. 9 
The general theory of grid circuit detection has been 
given by several writers, amongst whom may be m©n% 
tioned Appleton and Taylor (17), Chaffee and Browning 
(18), Colebrook (19), and Ballantine (20). Considerable 
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complication arises from the fact that the grid current- 
grid voltage curve cannot be represented by any simple 
mathematical expression. Different writers make dif- 
ferent assumptions as to the form of this curve, but in 
most cases the resulting theory applies only when the 
input E.M.F. is very small. On account of these limita- 
tions we shall here consider only a very simple case 
which reduces the, mathematical complexities to a 
minimum, but which shows clearly the functions of the' 
various portions of the circuit, and gives as much in- 
formation with regard to the optimum conditions of 





Fig. 26. 

operation as can be obtained from the more detailed 
theories. 

It will be assumed that the input E.M.E. e, which is 
applied between A and B (Fig. 26 (a)), is extremely small 
say less than Od volt— and furthermore, that the out- 
put circuit of the preceding stage, which is connected 
between A and B, is such as to offer negligible resistance 
/rni^ e ^ 0W c ^ rec 'k or low-frequency alternating current. 
(The non-fulfilment of this latter condi tion*would entail 
a very slight modification of the theory.) Since 
the detector action depends upon the flow of grid current, 
the grid bias battery will be such as to make the point 
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B positive with respect to the filament. With the 
assumptions made above, the point A will be at the 
same potential as B, but the grid of the valve will be at 
some lower, value owing to the fall of potential caused 
by the flow of grid current through R. This initial 
steady potential of the grid' is best determined by a 
graphical method in the following manner. In Fig, 25, 
.on the aids of v g} mark off OS to represent the steady 
potential v b of the jjoints A and B. On the axis of i g 
let OT represent the current v b /Rj , then the straight line 
TS is the graph of the equation 

= (»» ~ v a)I' R < 

and the point P, where this line cuts the grid current- 
grid voltage curve will indicate the steady potential of 
the grid, and the steady grid current flowing when no 
E.M.F. is applied between A and B. 

Taking the simplest possible case, let us now sup- 
pose that a small high-frequency sinusoidal E.M.F. , 
e = E sin cot, is applied between A and B. Further- 
more, let us assume that the relevant portion of the grid 
current-grid voltage curve in the neighbourhood of the 
point P can be represented by a second degree equation. 
It is to be noted that this is not at all the same thing as 
assuming that the whole curve can be represented by 
such an equation. It will simplify the algebra if we 
take P to be our new origin with axes parallel to the 
previous axes. The equation of the curve may then be 
written 

i g = av g + H 2 • * * C 25 ) 

It is first of all necessary to calculate the high-frequency 
E.M.F. between grid and filament of the valve which 
results from the application of the input E.M.F. e, and 
for this purpose we must obtain an expression for the 
slope resist^pLce R ff , due to electron conduction, m> the 
neighbourhood of the working-point P (Fig. 25). By 
differentiation of (25), 

W = d i f = « + 2 K- 
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For very small signals we may neglect the term in 

write 



Now R„ will be in parallel with R, and C, (Fig. 26 1 and 
on substitution of probable values for these terms it S 
be found that the impedance of the combination ’is 
considerably greater than the reactance of C, provided 
the capacity of the latter be cot less than o-OOOl M f- 
Under this condition then, it will be sufficients 
accurate if we assume the whole of the input high! 

oTthe vah^ M ^ t0 ^ applied between grid and filament 

This E.M.F. win cause the potential of the grid to 
fluctuate by equal amounts above and below the steady 
value represented by P (Fig. 25), but owing to the not 

01 cu 7 e * 7 e inerease of the current above' 
m.y 1 . 1 g f ea « r ? an tiie deerease of current below P 
J h i r f, tlheati ° n w dl take place, and that 

the current due to the appked sinusoidal E.M.F will 

comnonlt ^; h compone f’ to g e «>er with an alternating 
component of the same frequency as the E M F and 

possibly harmonics of this frequency also. Now we tfll 

suppose that the path via the condenser C and circuit 

toX° flow ofTh^ H p Dd B ° ffers neg % ibIe impedance 
tLt tW t H F - components of the current, so 

arid n n 6 n ° &SeCt ° D tbe Poteutial of the 

I?;?' coppcmcnt, on the other hand, will 
• krcugfl the resistance R and thus cause a decrease 
v mm grid pota&l. Let f. be vZTf 

aonlied then w ° T and 6(16 total E.M.F. 

applied to the grid as a result of the input e = E sin It 

is equal to E sin - R i # . Substituting in (25) 

i g = a(E sin a ,t ~ R i a ) + 6(E sin cat - Rg*. 

Equating the DC. components on the tw# sMes of the 
equation, and remembering that sin* cot = |(I _ cos 2 cot) ' 

% ~ - aRi 0 + 6R*{ o a 

bm <? ~ (I + «R)i 0 + J6E* ~ o, 
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[ and 

i o = [(1 + aR) ± V (1 + aR) 2 - 2EW]/26R 2 . 

Since E is small, we expand the quantity under the 
radical and neglect all terms except the first two. Then 

i Q = f(l *4* aR) 

• ± (I + aR){l - E 2 6 2 R 8 /(1 + aR) 2 }]/26R 2 . 

In makin g the choice of sign we note that the positive 
sign would lead to a finite value of i 0 when E == 0. 
This is obviously incorrect, so we choose the negative 
* sign giving • 

i 0 = £E 2 6/(1 + aR). 

Remembering that a — I/R fi , we may write 

i 0 = £R,6E 2 /CR 4- R„) • • • (26) 

• 

From the form of this equation, we^may consider the 
rectified current i b as being due to a fictitious E.M.F. of 
. magnitude -|R ff 6E 2 generated by an appliance of internal 
resistance R^ acting in a circuit of external resistance E. 

Let us now consider the case where the input to the 
detector stage consists of a modulated sinusoidal E.M.F. 
of the form 

e = E(X + m sin pt) sin cot 

The analysis for this case could be carried out in exactly 
the same manner as for a sinusoidal E.M.F. ; but, since 
the rectified current will now contain low-frequency 
alternating components as well as a dirept component, 
it can be represented as being due to not one but a series 
of fictitious generators, each generator being responsible 
for one component. Each generator will have an internal 
resistance R g and, provided only a negligible fraction of 
the total L.F. current pass through the grid condenser 0 
(Fig. 26), each will work into an external resistance K. 
(At low frequencies the input impedance of the valve 
may* be considered infinite for our present purpose.^ 
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In order to calculate the E.M.Fs. of these various genera 
tors, we note from equation (26) that, for the D.C. com' 
P on ® nt ’J* e E-M.F. may be obtained by multiplying R 
by the D.C. current which flows when R is equal to zero" 
It may easily be shown that this holds also for the other 
components, so we need only consider the comparativelv 
simple case for which R = 0. We then have for the 
total grid current, « 

i = «E(1 -f m sin pi) sin cot -f- 6E 2 (1 -f- m sin pt) 2 sin 2 cot 
= «E(1 -f m sin pt) sin cot 


+4&E a (l - cos 2cot ) 1 + 2m sin pt -f ~(1 ~ cos 2pf)J, 

From this equation it is clear that the grid current con- 
tarns numerous H.F. and L.F. components ; for our 

present purpose the following are of chief interest : 

0 

(а) A D.C. component of magnitude 

J6E 2 (1 + m 2 /2). 

(б) A component of frequency p /2 tt, 
the amplitude of which is” bmW. 

(c) A component of frequency p/tt, 
the amplitude of which is Jm 2 6E a . 

The &st of these is important only in that it changes 
the effective value of the steady grid potential • fbp 

•r w “ *** — £ 

its magnitude is proportional to the square of the 

f , of T t ^ e earrier wave ; the third is a harmonic 
of the useful L.F. current and is undesirable, since it 

Tf P we S taW 1i stortl . on °J, the wa ve-form of the latter. 
££^5 ?! r ! t10 0f harmonio to fundamental as a 
portion, we see that this ratio is equal to 

Tilt d hUS d6pends 0nly on the Percentage of modula- 

nitad ifr th v the017 givea ahove > *e mag- 
R S t ° Urrent when the resistance 

(Jlig. 26) is not eqnal to zero, will be R ff &mE 2 /(IVf R ff ) 
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and therefore the useful low- frequency E.M.F. developed 
between grid and filament of the valve will be 

RR,6mE 2 /(R +R f ) . . . (27) 

it being assumed that the circuit between A and B 
offers negligible impedance to the flow of L.F. current. 

The functions of the circuit elements of Fig. 26 are 
* now clear. The purpose of the condenser 0 is to provide 
a free passage for the flow of H.F. current so that prac- 
tically the whole of the input E.M.F. shall be applied 
between grid and filament of the valve. To this end 
the reactance of C must be small compared with the 
total impedance, consisting of the input impedance of 
the valve in parallel with the slope grid resistance R g . 
The purpose of the resistance R is obvious from equation 
(27), since without it no useful L.F. potential would be 
developed between grid and* filament. Furthermore, 
equation (27) indicates that this potential will increase 
as R increases, and will reach the limiting value R ff 6?^E 2 , 
when & becomes indefinitely great. This conclusion, 
however, depends upon the assumption that none of the 
L.F. current passes through the condenser C, and this 
will not be true if the product RC be too large. To 
allow for this shunting effect of the condenser, we must 
substitute for R in equation (27) the expression 
R(i — jRCp)/(l + R 2 C 2 p 2 ), which represents the im- 
pedance at frequency p/2?r of C in parallel with R. 
The chief importance of this effect lies in the fact that 
its magnitude varies with the modulation frequency, and 
therefore, if it be allowed to become appreciable, it will 
introduce frequency distortion by causing a greater 
reduction in the amplitudes of the high audio frequencies 
than of the low. Substitution of practical values in the 
above expressions shows that this distortion will be 
unimportant? if C and R be not greater than O00$l jif 
and 025 megohm respectively. Also, with this value of 
C practically the whole of the input high-frequency 
E.M.F, will be applied between grid and filament of the 
valve* 
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From the foregoing outline of grid circuit rectification 
it will be clear that a modulated H.F. input E.M.f’ 
gives rise to sundry high- and low-frequency E.MFs 
developed between grid and filament of the detector 
valve. Now an E.M.F. v g between grid and filament is 
equivalent to an E.M.F. /mj 9 in the anode circuit of a 
valve, and this will hold true for each of the E.M Fs 
under consideration, so that currents of various fre- 
quencies will flow in the anode circuit of the detector 
valve. If a suitable impedance be placed in the anode 
circuit, E.M.Fs. corresponding to each of these currents 
will be set up between the ends of the impedance, and 
may oe applied to the following L.F. amplifier stage. 
Now the H.F. components of E.M.F. are not wanted 
and it is very desirable that they should be prevented 
from entering the, L.F. stage where, owing to coupling 
through stray capacities, ( they may give rise to spon- 
taneous oscillation or cause distortion. The required 
result may be attained by using in the anode circuit a 
device which has a low impedance for H.F. currents and 
a high impedance for L.F. currents. Another advantage 
resulting from the provision of a low impedance path 
lor the H.F. components of anode current is that the 
mputnmpedance of the detector valve to H.F. currents 
will thereby be kept as high as possible (cf. p. 18). 

iyy'; Anode Bend Detection 

Bdore discussing the merits or otherwise of grid circuit 
rectification, it will be convenient to consider the second 
importent method of detection which is usually known 

™ S method makes lise of 
of ^ anode current-grid voltage character- 

d,S*vfW ° UrV ! ° f 3 1S typ@ is shown in Kg- 27 (a), the 

in Fig 27 U M lt 7^1 the e T ui ve,leift circuit 

“ f; ^. he E.M.F. of the grid bias battery is 

Sch as P iS! K 3 potential to some point 

n as P oil the bend of the curve (Fm. 27 (a)) It is 

here assumed that the anode circuit impedance consists 
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of a resistance R. shunted by a capacity C : the magni- 
tude of 0 is such that it has a low reactance for H.E. 
currents, while its shunting effect is negligible at audio 
frequencies. It will be assumed that C and R include 
the input capacity and resistance, respectively, of the 
following L.F. stage, with which they are in parallel. 
It is oIe,gr that the circuit here considered is identical 
with the input circuit used in grid circuit rectification, 
and this identity is not greatly affected if other anode 
circuit impedances be used in' the case of anode bend 
detection. The essential difference between the two 
methods may be expressed by saying that in a grid 




(c) 


Fig. 27 . 


circuit detector the signal is amplified after rectification, 
while in an anode bend detector the amplification takes 
place before rectification. 


Comparison of Detectors: Power Detectors 

Aithonghibotii of the above methods of detectionliave 
been known almost since the introduction of thermionic 
valves, opinion has varied considerably as to the relative 
merits of the, two. In the early days of wireless when 
transmitting stations were not very powerful, and 


H 


9 


62 WIRELESS RECEIVERS 

receiving apparatus was inefficient, the only criterion by 
which a detector was judged was its sensitivity. Prom 
this point of view, the grid circuit detector was un- 
doubtedly the better of the two, owing to the greater 
curvature of the grid current-grid voltage character- 
istie as compared with the anode current-grid voltage 
curve. Furthermore, in order to obtain they- greatest 
possible sensitivity grid condensers of about -0003 uf 
capacity and resistances of the order of two megohms 
were generally used. With such values the shunting 
effect of the condenser at the higher audio frequencies 
was nery marked, but the resulting frequency distortion 
was unimportant, since it was masked by the much 
greater distortion introduced at other stages of these 
early receivers. As time went on and the quality of 
reception improved, grid circuit detection lost favour, 
since it was reputed to ir.tr oduce serious frequency dis- 
tortion. During the past few years both types of de- 
tector have been carefully studied, and as a result two 
facts have emerged : first, that with suitable choice of 
values of components neither type will introduce serious 
frequency distortion, and second, that the amplitude 
distortion which either introduces is far more important 
than the frequency distortion. At this point it will be 
convenient to define a measure of amplitude distortion, 
buppose that owing to distortion, the current or voltage 
output from a stage instead of being sinusoidal, is com- 
posed of a fundamental term of amplitude E, and har- 
monics of amplitudes E 2 , E s , E 4 . . . respectively. Then 
we take as a measure of the distortion the ratio 

VWTE/ + E _ (28) 
which is usually expressed as a percentage. It often 
happens that the only two harmonics which, are im- 

the s * eo * d and third > and “ ^ese cases it is 
rafS 1 vTff th ® ‘hstortion in terms of the percentage 

th ®, am P litudes of ^se two harmonics col 
mtnfad ^^tely^arto the amplitude of the funda- 
mental. # Now, in the theory previously given for small 
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signals and a parabolic characteristic it was shown that 
the ratio of second harmonic to fundamental is m/4, 
where m is the modulation ratio. If the signal be suffi- 
ciently small, a more detailed analysis shows that this 
result will be approximately true even if the character- 
istic be not parabolic. Thus, the only possibility of 
reducing distortion due to second harmonic would seem 
* to lie in the use of larger applied signal E.M.Fs. Con- 
siderable progress in this direction has been made during 
the last year or two, and for full details the reader is 
referred to papers by Warren (21), BaHantine (22), 
Turner (23), and Terman and Morgan (24). The follow- 
ing outline will, however, indicate the principles involved. 

Taking first the case of anode bend detection, it is 
clear that, since the anode current-grid voltage curve of 
a triode can be represented over an extended range of 
voltage only by a power series # in which at least the first 
five terms are important, the complete analysis of any 
rectification problem will become hopelessly complex 
when large input voltages are considered. For this 
reason it has become customary to make use of experi- 
mental characteristics, first suggested by Appleton and 
Taylor (17) in which change of mean anode current is 
plotted against amplitude of input to the detector for 
an applied sinsusoidal E.M.F. It is often stated that 
such curves, an example of which is shown in Fig. 28, 
may be obtained experimentally by using an input 
E.M.F. of very low frequency, say 50 cycles per second, 
when the measurements are comparatively simple. 
Since, however, the shape of the curve depends upon the 
impedance in the anode circuit, and since this impedance 
varies with frequency, it is preferable to make the 
measurements with an input E.M.F. of the same fre- 
quency as that of the signal which is to be received. 

The vSlue* of such a characteristic is obvious i? we 
regard a modulated wave as being a sine wave of varying 
amplitude. Such a viewpoint is legitimate in the present 
instance only if the variation of amplitude takes place 
sufficiently slowly for the rectified current at any instant 
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to be given by the steady state curve of Fig. 28. This 
condition is always satisfied in practice by suitable 
choice of the magnitudes of the circuit elements, since 
failure in this respect would lead to frequency distortion 
by attenuation of the higher audio frequencies. 

Returning now to Fig. 28, it will be clear that if A 
represent the amplitude of the applied carrier wave 
while B and B' are the limits of variation of Amplitude 
due to modulation, then, owing to the curvature of the 


B A B Q P q' 

Applied. E. M. F. 

Fiu. 28. 

characteristic, the change of anode current will not be 

EMF Tf to S® C ^ ng t° f am P Utude of applied 
E.M.F. If, on the other hand, the applied E.M.F be 

v re ? resents the carrier amplitude 
in* the ° f Variation of amplitude, then 

E; e aftft 18 ne . arly h near .between the 
i ^ Q > fhe change in anode current will be 

E M F P ir rtl0n i a th f. chan s e of amplitude of applied 

than'^n the S ^ dlst r 2F tion wm be much smaller 
former ease. The magnitude of amplitude 
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distortion can be calculated from a characteristic such 
as Fig* 28 by a method which will be described in Chapter 
VII. In. general, it is found that the distortion decreases 
as the applied E.M.F. increases. Since a limit is set on 
the applied E.M.F, by the fact that the grid of the de- 
tector valve must never acquire a positive potential, a 
large applied E.M.F. can only be used when the steady 
• anode potential is fairly high. With a high-tension 
supply of 26G volts, Input E.M.Fs. of the order of 10 
volts may be used when a suitable valve is chosen.. 
Detector stages to which large input E.M.Fs. are 
applied are usually known as Power Detectors. 

Turning now to power grid circuit detection, it #ill be 
clear that the general principles outlined above apply to 
this case also. There are, however, two additional 
points which must be considered. It will be remembered 
that, when a modulated sinusoidal E.M.F. is applied to a 
grid circuit detector, the resulting grid current includes 
a direct component. When the applied E.M.F. is large 
this component will also be large, and as a result the 
mean value of grid potential will be reduced to such an 
extent that grid current flows only during a small portion 
of each cycle. In consequence, the effective differential 
grid resistance will bo wery much larger than it was, 
for small values of applied E.M.F., and we must take ac- 
count of this fact when calculating values of grid circuit 
resistance and capacity. It will be found that with 
C — 0*0001 /x/ and R *= 10 s ohms, the frequency dis- 
tortion is not important. 

The maximum allowable input E.M.F. in the case of 
power grid circuit detection is governed by the fact that 
the variation of grid potential must not be sufficiently 
large to exceed the limits of the sensibly linear portion 
of the anode current-grid voltage characteristic. Two# 
undesirable effects would result from appreciable cdtva** 
ture of this characteristic. In the first place the low- 
frequency E.M.F. produced between grid and filament 
would be amplified in a non-linear .manner and ampli- 
tude distortion would result. Secondly, the modulated 
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H.F voltage which is produced between grid and filament 
would be rectified by the ordinary process of anode bend 
detection and the resulting L.F. current in the anode 
circuit would be out of phase with the L.F. current due 
“ C1 fiiit rectification. The maximum H.F. input 
E.M.F. which can be applied to a power grid circuit 
detector vanes considerably with the type of valve used 
but is not usually greater than about 3 volts. *Tn order ' 
that overloading shall not occur with voltages of this 
order, it is essential that the H.T. supply shall be fairly 
high— certainly not less than about 150 volts— whereas 
in the case of grid circuit detectors for very small signals 
it is customary to use a low value of H.T. voltage 

sensitivity "® * characteristic S^ing maximum 

dIl!S at r meri ?f 0f , the two t yP es Of power detectors 
described above will, of course, depend upon the char- 
acteristics of the valves used. With present-day valves 
the grid circuit detector seems to he the better of the 

kV S m ° r ! a V d § ives less distortion. 

t! ou | d , b ® expected, mdirectly heated valves make 
exceUent detectors, since their equipotential cathodes 

obtain.H^r'f .T^u 1 shar P er bends than can be 
obtained with directly heated valves. 

Reaction 

So far nothing has been said concerning the relation 
between the detector stage and the preceding!! F stage 
When the detector is of the anode bend typf the ofv 
action which it will have upon the H.F. stage will be to 
Srt?? !° ad due t0 Miller effect * With grid 
low the resistance is fatly 
grid*and filamenf ± electron current between 

Sties S nd t0 P^ence of the g&l circuit 
5aU h “P. ut resistance should be in parallel 

A mptlirvi nf “ ° maae latter very inefficient 
A method of overcoming this difficulty is known fey the 
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of values this reduction can, be made to compensate for 
the effective addition of resistance to the tuned circuit 
due to the damping caused by the detector stage. As 
the magnitude of M is increased, the effective resistance 
of the tuned circuit will decrease and eventually will 
become 'Zero when instability will result. Even before 
spontaneous oscillation sets in the resonance c$irve will 
become so sharp that considerable frequency distortion, ' 
will be caused by side-band cut-off. The principle of 
reaction is a very general one, and may be applied to 
HJF. amplifiers as well as to detector stages ; further- 
more^ the coupling between an anode circuit and the 
preceding grid circuit may be either electromagnetic or 
electrostatic. An example of the latter type of coupling 
is to be found in the Miller effect with inductive anode 
circuit impedances. As we have seen, the effect in this 
case is sufficient to cause instability unless special pre- 
cautions be taken, so that it is rarely necessary to provide 
for any additional reaction in H.F. amplifiers. 

Although the circuit of Fig, 29 (a) is very simple, it 
possesses certain practical disadvantages. For example, 
the provision of two coils which can be moved relatively 
to each other necessitates a somewhat clumsy mechanical 
construction and makes the control of reaction not very 
smooth. Various alternative methods of controlling 
reaction have therefore been devised, and for details of 
these the reader is referred to the bibliography (25). 
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CHAPTER VI 

LOW-FREQUENCY AMPLIFICATION 

I F a low-frequency E.M.F. be applied between* grid 
and filament of a triode, then a corresponding alter- 
nating voltage will be developed between the terminals 
of any impedance placed in the anode circuit of the 
valve. . Since all L.F. amplifier depeixl upon this prin- 
ciple, it is clear that they bear a formal resemblance to 
the H.F. amplifiers described in Chapter IV. Apart, 
however, from the obvious changes necessitated by the 
use of very much lower frequencies in the present "case, 
there are two important differences between the two 
types of amplifiers. The first of these arises from the 
fact that whereas in the case of H.F. amplifiers the limit- 
ing values of the range of frequencies over which uniform 
amplification is required for any given signal differ from 
the mean frequency by only 1 or 2 per cent. ; in the case 
of audio frequency amplifiers if is essential that the 
amplification should be as uniform as possible over a 
range of frequency extending from 80 to 10,000 cycles 
per second. The use of any tuned circuit as anode im- 
pedance is therefore out of the question in the latter 
case. The second difference will be apparent from the 
following considerations. Since a H.F. amplifier is 
followed £y g? detector stage the output E.M.F. which it 
is called upon to deliver will rarely exceed 10 volts, and 
will usually be much less. An L.F. amplifier, on the 
other hand, is followed by a power st&ge, to which it may 
be required to deliver an E.M.F. as high as 100 volts or 

09 0 
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more in the ease of a large receiver. When dealing with 
H.F. amplifiers, we assumed the anode current-grid 
voltage characteristics of the valve to be a series of 
parallel straight lines, and this was legitimate over the 
small range of variation of grid potential there con- 
sidered. When dealing with L.F. amplifiers, however, 
it is necessary to enquire whether amplitudepdistortion 
is not being produced by curvature of the valve char-' 
acteristics. Should such distortion become excessive 
the stage is said to be overloaded. The subject of over- 
loading will be considered in detail in Chapter VII. 

Resistance Capacity Coupling 

■ There are three types of L.F. amplifier, in which the 
coupling from one stage to the next is effected by 


Resistance-Capacity, Choke-Capacity, and Transformer, 
respectively. The circuit for resistance-capacity coupling 
is shown in Fig. 30 (a), where an input E.M.F. e g is 
applied between grid and filament of a valve of ampli- 
fication factor ft and slope resistance p. The condenser 
C x ensures that the steady potential of the point A shall 
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not be applied to the grid of tne following valve, and the 
resistance R 2 and battery- G.B. ensure that the grid of 
this valve is correctly biassed. Obviously, the insulation 
of C 1 needs to be very good.- In drawing the equivalent 
theoretical circuit, Fig. 30 (6), it is necessary to take 
account of the input impedance of the following stage ; 
this maybe represented by a condenser C 2 , the capacity 
of whieh*is usually of the order of 100 /i/xf, so that if R 2 
be of the order of 1 megohm the shunting effect of C 2 
will only be appreciable at high audio frequencies. 
Neglecting C 2 for the moment, the circuit equations 
become 

Ph + R i (h ~ 4) = * 

Rl(% ^l) + ^2^2 = 0, 

where a> is the angular frequency of e g . After suitable 
reduction, this becomes 


' 2 LT 2 1 p + R x (>J - R 7+ p w 

Since the output voltage E is equal to R 2 i 2 , the absolute 
magnitude of E will be independent of frequency provided 
l/C/to 2 be negligible compared with 

[R 2 + pRi/(p + Bi)] 2 . • 

When this condition is not fulfilled the variation of 
amplification with frequency may be calculated from 
(31). When, however, it is fulfilled, we have 

Amplification = ~ # . (32) 

wliere R is equivalent resistance of R x arid R 2 in parallel. 
At high audio frequencies the effect of C* will be negligible, 
but allowance must be made for the shunting effect of C 2 , 
The equivalent circuit will now be as shown in Fig. 30 (c), 
and from this it is easy to show that 

P-^/E = ipC 2 o> + (p + R)/R 
and therefore • 

| ^ IE | = Vp 2 C 2 W + (p 4 . (33) 
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Now R will usually be considerably larger than p, so that 
(p + R)/R will be approximately equal to 'unity, Thus, 
if the amplification is to be independent of frequency, 
p 2 0 2 V must be small compared with unity. If we 
arbitrarily put it equal to 0*05 when m = 5 x 10 4 , and 
take C 2 = 100 /x/x/, we find p approximately equal to 
50,000 ohms. Clearly p must not greatly exceed this 
value if frequency distortion is to be ummpoftaiit. In* 
order to obtain as large an amplification as possible, p 
should be made as high as the above imitation of p will 
permit. 

From equation (32) we see that the amplification -will 
only Approach the limiting value provided R be large 
compared with p, and this will necessitate both Rj and 
R a being large compared with p. Now it is not desirable 
that either R* or R 2 should be increased indefinitely 
for the following reasons. It has been tacitly assumed 
that no grid current flows in the valve following the 
stage under consideration and in general this will be 
true. . During the reception of exceptionally loud pas- 
sages of music, however, occasions may occur when the 
instantaneous value of the grid potential of the following 
valve becomes positive, On such an occasion a .pulse 
of grid current would flow through R 2 and charge up the 
condenser G t in such & maimer as to make the grid bias 
applied to the following valve considerably greater than 
the normal value due to the battery GJB. After a short 

~ *11 JL1 .1 - ■■■!. ' m ■■♦in. ■% ■■ n-v n ' ; 


away through R 2 and the effective bias will have re- 
turned to its normal value. Since incorrect biasing of 
the following valve may cause considerable amplitude 
distortion# it is important that any charge given to C x 
1 by how of .grid current should leak away as quickly as 
possible. For this reason the: value of R 2 is not usually 
' made larger than about ha|f a megohm, c r 
: ; . Turning now to R I? we note that the higher this resist-' 
ance is made, the lower will be the potential applied to 
the anode of the valve, if the H.T. battery voltage be 
fixed. In consequence, it was formerly the practice to 
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limit the value of R t to some 100,000 ohms, since it was 
’ assumed that any. larger value would reduce the anode 
voltage to such an extent that the straight portion of 
'the valve characteristic would not be sufficiently long 
to accommodate the applied input E.M.F. : . amplitude 
distortion would then arise owing to the curvature of the 
characteristic. This, however, is not the whole truth, 
. since we #re concerned not with the characteristic of the 
valve itself, but with the characteristic of the valve in 
series with R x , and clearly the addition of R x will tend 
to straighten out any curvature in the characteristic of 
the valve alone. It was first pointed out by von Ardenne 
and Heinert (26) that the extra straightening effect 
obtained by increasing the resistance of R x compensated 
to a great extent for the decrease in anode voltage, and 
therefore that anode resistances of the order of 2 megohms 
could be used without serious amplitude distortion, 
provided the input E.M.F, w#re not* too large. This 
conclusion has been entirely confirmed by a mathematical 
analysis, due to Colebrooke (27). However, since the 
stage amplification depends upon the resistance of R x 
and R 2 in parallel, and since R 2 should not exceed half 
a megohm, there is little to be gained by making R x larger 
than this value. 


Transformer Coupling 

We consider next those amplifiers in which the 
coupling from one stag© to the next is effected by means 
of a transformer. The actual circuit is shown in Fig. 
31 (a) and the equivalent theoretical circuit in Fig. 31 (6), 
where L x is the primary inductance, r x the sum of the 
valve slope resistance and the transformer primary 
resistance, r 2 the secondary resistance modified to include 
the inputj*esistance of the next stage, and 0 include%the 
self-capacity *of the secondary winding and the input 
capacity of the next stage. In practice, it is not possible 
to obtain perfect coupling between the two windings of 
the transformer, so that all the magnetic lines of force 
£ 
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due to the primary do not pass through the secondary 
and vice versa. This fact may be represented, as iii 
Fig. 31 (b), by supposing the secondary inductance to 
consist of two parts, viz. L a , which is perfectly coupled 
to L 15 and l, which is not at all coupled to L v ‘The total 
secondary inductance will then be L 2 + l ; l is usually 
known as the leakage inductance. Now, since perfect 
coupling exists between L* and L 2 , these inductances 
form an ideal transformer of ratio s = VL 2 /L 1 , and 
we may apply to them the theory developed on page 31. 
By this means the problem of calculating the amplifica- 
tion of the stage (i.e. the ratio v 2 /v g ) may be divided into 
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two parts. In the first place, from a consideration of 
the circuit of Mg. 32 (a) in which the secondary load has 
been transferred to the primary, we calculate the EMF 
h produced between the ends of the inductance L,’ 
Then the voltage induced between the ends of L, will lie 
•™i an d from a consideration of the circuit of Mg 32 ( b ) 
the output voltage v 2 may be determined. Even with 
the^e simplifications the algebra becomes somewhat 
complicated, and it is difficult to estimate the relative 
p^ortance of the various terms. To overcome this 
difficulty, it mil be convenient to assign definite values 
to the circuit elements, and then carry out the calculations 
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for certain selected frequencies. As typical values we 
may take 

= 50 Henries, L 2 = 450 Henries, l = 9 Henries, 

71=10,000 ohms, r 2 = 60,000 ohms, 0=100 [ifif, and a— 3. 

Let Z be the impedance of lja a , r 2 /s 2 and s 2 C in series : 
then 

• Z = 6667 +j(o> - 10 10 /9oj) . . (34) 

At a frequency of 200 cycles per second Z will be approxi- 
mately equivalent to a condenser with reactance of 1 
megohm, while the reactance of L x will be about 60,000 
ohms. At this frequency, therefore, the shunting effect 


Fra. 32. 

of Z may be neglected, and at lower frequencies its effect 
will be still less important. Thus, for all frequencies up 
to 200 cycles per second, tq may be calculated from the 
simple formula 

% = jLj cofiVgKr t -bjcoLt) 

OT Kl = + ct> 2 L x 2 . . (35) 

At 200 cycles per second v x will be very nearly equal in 
magnitude to \iv g . As the frequency increases’^, the 
reactance of*!^ will increase, while Z will decrease, out 
so long as both are very large compared with r l9 v x will 
not differ sensibly from }iv g} and this condition will hold 
up to a frequency of about 3500 cyctfeg per second. It is 
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to be noted that at a frequency of about 700 cycles n«r 
second a condition of resonance exists, and the eirchif 
consisting of Z and L, in parallel will then behave „ 
a pure resistance of about 1 megohm. At this point v 
will stall be very nearly equal to pv g , so the resonance 
causes no sudden change in the value of v u Above 
3500 cycles per second, the reactance of L, will be vei^v 
large compared with Z, and so may be neglected in 
calculating v v We then have E m 

v i — z /( z + r x ) . . /3m 


Kilocycles pep second. 

Fro. 33. 

so that v x will be least when Z is least. Reference tr 
equation (34) shows that a minimum value of Z wili 
occur when the frequency is such as to cause resonance 
between Z/a* and a*C. This wiU occur at about 55GC 
cycles per second, and Z will then be equivalent tea 
pure resistance of 6667 ohms, giving v, = 0-4 M « F or 
stall higher frequencies Z will ScreL Vain and u wS 
rise almost to the value pv g . 8 1 

F/om the above considerations it will be clear time if 
^main-constant, the relation betw^IndWencv 
will be somewhat as shown by curve (1) of Fig 33 J 
Timning now- to the second part of the problem we 
will first suppose that the input E.M.F. h? Eig. 32 (6) 
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instead of being sv 1 is constant and equal to s volts. 
Then, since we are dealing with a simple series tuned 
circuit, the output voltage v 2 will be given by 

K' I = s/Ca)VV 2 2 + (ICO - I/Cco)2 . ( 37 ) 

and, as in the primary circuit, the resonance will occur at 
about 550.0 cycles per second. The variation of v 2 ' with 
• frequency is shown by curve (2) in Pig. 33. Finally, 
when the input to the circuit of Fig. 32 ( h ) is Sv v the 
output E.M.F. will be given by v 2 = v t v 2 ', and can be 
obtained by multiplying the corresponding ordinates of 
curves (1) and (2) in Fig. 33. The resulting variation of 
v 2 with frequency is shown in curve (3) of Fig. M. It 
should be noted that these curves are not drawn to scale. 
Since Vg is assumed to he constant, curve (3) represents 
the variation with frequency of the overall amplification 
of the stage, and we must now consider what steps should 
be taken to keep this amplification constant over as large 
a range of frequency as possible. The most important 
conditions may be considered under three headings, as 
follows — 

(a) In order to avoid a failing-off in amplification at 

low frequencies the primary inductance must be 
large. Equation (35) shows that the falling-off 
will be unimportant provided the reactance of 
the primary be large compared with the slope 
resistance of the preceding valve, since in 
practice this slope resistance will not differ 
greatly from r v 

(b) It is clear from curve (3) of Fig. 33 that the ampli- 

fication decreases rapidly for frequencies greater 
than that at which the resonance peak A occurs. 
Therefore, by reduction of the capacity C and 
the leakage inductance l this resonance should 
oe®made to occur at as high a frequent as 
possible. The reduction Of l is effected by 
making the coupling between primary and 
secondary as perfect as possible. 
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(c) In order to avoid excessively large amplification at 
the resonance peak A, Fig. 33, the secondarv 
resistance may be increased {vide equation (37)) 
by the use of wire of low conductivity. Alter- 
natively a suitable high resistance is sometimes 
placed in parallel with the secondary winding. 
It is difficult to satisfy all these conditions and, at the 
same time, obtain a high overall stage amplification 
smce the overall amplification is equal to ns, it is desir- 
able that both n and s be as high as possible. But i 
high value of n involves a high slope resistance of the 

valve, while a high 

*W.T.+ turns ratio s involves 

1 cither a large secondary 

<C inductance or a small 

< primary inductance. 

< „ If the primary induct- 

S 1 ' ance be small, condi- 

Jt" — 1 — _ tion (a) above will not 

/— I— \ I I . J be satisfied, \phile if 

L .J C-v the secondary be large, 

W J its self-capacity will be 

I ’ < '-'K I great and it will be im- 

Ofl >0 possible to keep the 

jSil V secondary circuit ca- 

' —I L_ pacity C within the 

Fig. 34. limits prescribed by 

condition (c) above 
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as an alternating component. This, direct current pro- 
duces a steady magnetic field which, unfortunately, 
reduces very considerably the effective permeability of 
the iron core, and thus decreases the value of* the 
primary inductance. This difficulty can be avoided to 
some extent by using for the transformer core special 
alloys which are not so adversely affected by a steady 
magnetic field, but it is frequently advantageous to 
employ some such circuit as is shown in Pig. 34, where 
an alternative path is provided and the direct current is 
prevented from flowing through the primary winding, 

A third method of coupling which is sometimes em- 
ployed in L.F. amplifiers is known as Choice Coupling , 
and differs from Resistance Coupling only in that a 
choke is used in place of the anode resistance. This 
chojke, which is wound upon an iron core, is designed to 
have as high an inductance and as low a self-capacity as 
possible. # • 

Comparison of Types of Coupling 

The choice of coupling for a particular L.F. amplifier 
will depend upon whether stage amplification or absence 
of distortion is the more important. The frequency 
characteristics of the best transformer coupled stages 
available at the present time are not as good as those 
which can be obtained with well-designed resistance 
coupled amplifiers. On the other hand, a somewhat 
greater stage amplification can be obtained by the use 
of a transformer. Choke coupling gives a frequency 
characteristic intermediate between the other two and, 
in general, has little to recommend it. 

We must next consider whether the methods of 
coupling described above will be satisfactory when they 
directly^ follow a detector stage. In this case a low 
impedance «path must be provided for the components 
of ILF. current present in the anode circuit of a detector. 
This is usually accomplished by connecting the anode of 
the detector to the filament via a#small condenser of 


WIRELESS RECEIVERS 


^>out 0-0001 capacity. When reaction is used «, 
H.F. current will, of course, traverse the reaction 3® 
m passing from anode to filament. The use of? W 1 

condenser in this manner is not entirelv sn+lr F 858 
since, if the capacity be made large enoSh 
application of any appreciable H.F. voltage to th^ 
stage, it will usually cause a 

of the higher audio frequencies. This difficuliv ntn if 
overcome by replacing the condenser hv » ° an ^ e - 
designed high-pats filter. *** b F » properly 

When the detector stage employs grid circuit uni- 
fication either resistance coupling or tramter^It * v h * 
may^e used, but when anode tend SiW C °? plln S 
ployed the valve will be on SS,"®: 

its anode current-grid voltage character in j bend of 
resistance will therefore be abnormally high so that°fa 

of the Wa«=*si=.‘js 


Push-pull Amplification 


We must now consider what is known aa tu r> , „ 

system of amplification. An amnlbW **? P ? 8h -P^ a 
principle is illustrated in Piv Vi ploying thls 

*0 is applied to a teansTormer th ^ FM 
tapped at its mid point and thus giveS to two EMP^ 

ph^. ^It ^il^^reer^tihat t t^ a ^^e^are' U used^ S ** e •*** 

matched, the voltages produce??? 6 cou P bn S s are also 
in fig. 35, the currents derived from feu 4 s shown f 
of Which is connect®! to a loud spS? 


fiififi 
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the loud speaker may be arranged to have two equal 
windings in opposite directions and the currents from 
the last pair of valves may then pass directly to it. 
Although only one pair of amplifying stages is shown 
in Fig. 35, a larger number may be used when necessary, 
and any of the previously described forms of coupling 
may be used between two consecutive pairs of valves. 


To investigate the advantages of this somewhat com- 
plicated system of amplification, we will suppose that the 
voltages applied to the grids of the first pair of valves in 
Fig. 3£? aifc given by '== A sin cot , = — • A sin cot. 

We will also suppose that the characteristics of these 
valves are not quite linear, and that the anode current 
flowing through the valve and the anode circuit is related 





82 WIRELESS RECEIVERS 

JSJS® gri <* Potential by the equation i = av 4- bv* 
where a and 6 are constants. Then + °^’ 

h — a A sin cut -j- 6A 2 sin 2 cut 
"*=aAsm<ot + |M 2 - §M 2 cos 2wt 
and h'==-aA sin ^ + ^A 2 - |6A 2 cos 2^. 

S?I;^ the char f Eristics of the last pair of valves be 
lrnear, the currents flowing in their anode circuits will ho 

proportional to i, and reapeotive?, a^T^the 

"Z? 0f *«,<"“!>“* transformer are amnged 

so that the fundamental components of the twn 

aM each /^ 8 is cSaftha? SXt 

tralize each <^b ® eeo “ d . harmom e components will neu- 
^ er - 14 *f eas J to extend the analysis to 
•™hT th h tj “t* 6 general case > when the curvature of the 

From the foregoing it will be clear that the push null 

myT’ ha”™” 5 ’' '“S“My^»toa»n 

Z^oJtSZfy “ST “ d ite '“-*»> “ 

may cause the receiver to bSSSSS,® Sf . effe , ct 



is self-explanatory, and depends upon the fact that the 
output and input E.M.Fs. from a single valve resistance- 
coupled amplifier are 180° out of phase with each other. 
Bearing this fact in mind, it is clearly possible, by suit- 
able choice of the point A at which the anode circuit 
resistance of the first valve is tapped, to arrange that 
the voltages v x and v x are equal in magnitude but 
opposite in phase. For details of the more complicated 
circuits^which have several advantages over the simple 
one described above, the reader is referred to the original 
paper. ' 


CHAPTER VII * 

THE POWER STAGE 

th ® 0U *P ut E-M.P. from the L.F. amplifier 
y.y a rec ? lver is applied between grid and filament 
of the power valve, which for the moment we will suppose 
J^aLr tr ' od ®> eiectneal power is dehvered to theToud 
speaker which is connected in the anode circuit of this 
ve. Now for a given „valve and given input EMP 
the magnitude of the power will depend upon the im- 
pedance of theloud speaker, and will therefore vary with 
frequency. Whether this variation is desirable or other 

5Tound m vSi e d P en m V f Vi6W u qUality of ^Production 

oi sound, will depend upon the way in whioh fhp 
shaker impedance and its acoustic “utput va^y K 

tiSsS f SmCe the variations of both of these: quan- 
tities with frequency are usually very complicated and 

moreover, differ widely from one loud JpeS tolnother’ ' 
diJf ^ ar % a ^ 1 tlie problem of elimination of frequency 
distortion of the acoustic output can only be tickled 
when the characteristics of the loud speaks are S 

18 ? Ut8ida the »Se 

present volume , the reader who is interested should 
consult a recent paper by Sowerby (30). 

In the design of the power stage, therefore the nnlv 
tm of distortion with which we shall T ° nl . y 

amplitude distortion arising non-£S ^ 

^ST t6nStlCS l 11 !? the “^tade of this distor- 

introduoed byX^lteXfp. ° f hannonics 
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Dynamic Chabactebxstxcs 

In the investigation of the amplitude distortion there 
are three possible methods of attack. The first of these 
is a purely experimental one, and will be described later. 
The second is analytical, and involves the derivation of 
ah expression for the distortion from the equation of the 
static characteristics of the valve and the constants of 
the loud speaker. This method is greatly limited by the 
fact that it is impossible to express the static character- 
istics of a valve by any very simple equation, which will 


hold accurately over a sufficiently large range of values 
of anode current and voltage, and although it may yield 
useful results in certain cases, it is not of very general 
application and will not be considered further. We 
proceed to explain the third method, which is a graphical 
one, and involves the use of what are known as the 
Dynamic Characteristics of the valve and its associated 
anode circuit. The significance of this term will be 
appreciated from the following considerations. Suppose 
we are dealing with a tiiode, the ordinary anode current- 
grid voltage characteristics of which are represented to 
scale by the full lines in Fig. 37 (a) . Xet the anode circuit 
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""viai v JJiXVO 

M -supply. Suppose tte vS'ie of tte K^™ 1 1 & 
be 200 volts, and let the rad ofThe vi t H K •, SUppl y to 

•a steady potential of - W volts £ t% b * a9sed * 
nur^«f a™: v VU1US * men, if tlie anode 



100 volts. - ' cTe^ylhr^r 6 ^" ( I0 ’°00x0-0i) ~ 

sented by the point P i n Pig- 37 ma y * e repre- 

which represents the condinfL ^ I* ^ ^ >om ^ suc h as P 
instant is known as an Operati^Pomt*’ ftp particuIar 
that, owing to a change in thl ** 9 K int : Now suppose 
current increases to 0-015 amSre ^Then’tl^ &n °f 
potential will decrease to 200 - no oooZ rt 
volts, and the operating r, oi„t ini’ ,00 ° X = SO 

showing that the new grid volte “ ov f to thus 
change is about - 2 volts effecUhis 

grid voltage had 'been such as to cause li^ ? n 
anode current to 0-005 fl rrm 0 p 0 ° J? ause a decrease in 
would have moved to P ’ the , °P eratm g point 

renresent* A CUIVe s «ch as P^R,, which 



If pXiSm aS'LrXZl Dj “^° 
mXtop^i “fS the “ ta “ «f th 

valve itself When U § 0n properties of th 

reduced to zero Z rfl ^ , circuit impedance i 
with the ordinarv sf-atiZT 0 °^ acte ristics coincide 
itself. ° f th * TOlv < 

circuit impedance is a pure Sdswi -T 1 ^ 6 ; the anod< 
the valve static chaZJristZ b« !’ -J P lear that ’ i] 
straight lines over the notion ei ® qmdlstant PwaHel 
characteristic will also be a strarVhTr^ ’i* 6 d y namic 
static characteristics are 1+ Z bne > ™hen the 

circuit resii js?.Q rirtr. 


f^^SBSS££s: abov ti 

dynamic ctacwta 
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since the anode current and anode potential depend not 
only on the grid voltage, but also on the rate at which 
the grid voltage is being varied. When the grid voltage 
varies sinusoidally with respect to time and the static 
characteristics of the valve are equidistant parallel 
straight lines, the anode current will also be a sinusoidal 
function of time and there will be a constant phase 
difference between the anode current and the anode 
’ potential. In this special case the dynamic character- 
istic will be an ellipse as shown in Fig. 37 (6), and the 
eccentricity of this ellipse will depend upon the ratio 
of resistance to reactance in the anode circuit, and will 
therefore vary with frequency. In practice a loud 
speaker will be connected in the anode circuit of the 
valve and the static characteristics of the latter will not, 
in general, be parallel straight lines, so that the dynamic 
characteristics of the combination will be a series of 
distorted ellipses. Such curves are too complicated to 
admit of useful graphical treatment, so it becomes neces-. 
sary to introduce some simplifying assumption. The 
plan winch is generally adopted is to assume that the 
loud speaker behaves as a pure resistance, the magnitude 
of which is equal to the actual impedance of the loud 
speaker at the frequency under consideration. This 
assumption is justified by the fact that it leads to a 
method for the comparison of the distortions produced 
by different output stages, and this method yields results 
in agreement with practical experience. Now, for a 
given input E.M.F., the distortion introduced by the out- 
put stage will depend upon the value of the loud speaker 
impedance, and will therefore vary with frequency, so 
that in designing an output stage we must base our 
calculations on that frequency at which the greatest 
average output signal amplitudes may be expected to 
occur. Jery little information seems to be available 
concerning $he distribution of average amplitude with 
frequency in normal wireless transmissions of speech 
and music, but it would probably be fairly safe to design 
the output stage for some intermediate frequency in the 
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neighbourhood of 1000 cycles oer second t„ * 4 

l fc entto?fi We r! ShaiI 8r ‘ Pp0Se a Ioud speaker to be equiva’ 
lent to a fixed pure resistance of magnitude equal to tL 

actual impedance of the loud speaklr at ^somewhat 
arbitranly chosen frequency of KKK) cycles pj- S“nd 


H.T.+ 


To 

Loud 

Speaker 


Fig. 38. 


H.T.+ 


r^istance may be replaced, when we are considS the 

d S]\ 8 tP’ ^ a resistance of magnitude R/S a (see 
p. 31) Hence, whatever the actual ™i„f ' c 
equivalent resistance of the aotu , va / ue of the 

v^lue from the poS of vitw of the ^ effective 

varied at will by suitable choiL ofS P S& b ® 

z ,of l0 ud 

fixsESSisZ*"' --s-s 1 tst 
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tfe actual resistance of the primary of the transformer, 
and this is usually quite negligible in comparison with 
the slope resistance of the valve. Hence, when no 
signal E M.F. is applied to the grid of the output valve, 
the potential of the anode will be equal to the voltage 
of the H.T. supply. On the application of a signal the 
potential will oscillate about this initial value and mil 
sometimls be very much greater than the voltage of the 
H.T. supply. 

Amplitude Distortion 

A number of variable factors enter into the design of 
an outnut stage, and we must now treat these in some 


detail.- In the first place, experience shows that it is 
always desirable for the H.T voltage apphed -J° *{|® 
valve to be as great as possible It wdl therefore be 
assumed in future that this voltage is fixed mther hy 
limitations of the source of supply or by the manu- 
facturer’s rating of the valve. Let us suppose that f 
a certain'ftutput valve with a given resistance load nS its 
onnrto the dvnamic characteristic is as represented 
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clear that the curvature of the dynamic characteristic 
tends to increase as the grid potential becomes more and 
T ° av ° id excessive distortion, the eurva- 
rare ot the dynamic characteristic must be as small 
possible, so that the grid bias potential should be fixed 
“ a ,™ le as Httle negative as is consistent with th'e 
condition that signals never cause the grid to acauire a 
positive potential. In other words, the negative grid 
bias should be numerically equal to the peak voltage of 
the apphed signal E.M.F., so that grid current doe.fno 
flow at any portion of the cycle. Then, in Fig. 39 let 
ussupp° g e the steady grid bias to be such that the initial 

causes P ° mt 1S 3 and . that a signal voltage v = a sin wt 
causes the operating point to swing between the limits 

U " ow ’ for a tnode with resistance load working 
aot;lr ndlti0 f for smaU Portion, the dynamic char 
the equation 7 b<3 feprese ° ted wifch 8uffici ent accuracy by 

i =5 bv 4- cv 2 

otiSn C a ^ °° nSta o nt ^ and the P° int B is taken as 
origin of co-ordinates. Substituting for » we fine! 
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Inferring to Fig. 39 (a), and remembering that B is the 
ongin of co-ordinates, we see that 


OC — BP = ba -f- ca 2 
BP — AQ = ha — w*. 


Therefore, 


^Distortion 


ca _ OC + AQ — 2BP 
26 2(00 - AQ) 


• (39) 


Also, the amplitude of the fundamental component of 
anode current 

= k* = i(0C - AQ) = J(w - , 

Therefor© the fundamental power developed in the anode 
load of magnitude R 


R r 

'■ i(hnax. * 


1 $mia,)(E a 


where Emax. and E m i n . are the limits of variation of anode 
potential 

One objection to the above method of calculating 
distortion ' is that the construction of the requisite 
dynamic characteristic is a somewhat tedious process. 
This difficulty is eliminated if we make use of a set of 
static characteristics in which anode current is plotted 
against anode potential for a number of values of grid 
potential. Referring to Fig. 39 (h) 9 if K represent the 
steady H.T. supply voltage and the grid be biassed to a 
potential of — 10 volts, then G will be the initial operating 
point. If the application of a signal E.M.F. cause the 
grid potential to swing between zero and — 20 volts, 
then, sii^e at any instant the increase in anode current 
multiplied Wy the load resistance R must be equal to 
the decrease in anode potential, the dynamic character- 
istic will be the straight line FGH where TH/TF * R. 
In general, FG will not be equal *to GH ; let us put 
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FG/GH = p. Then, substituting the e< 
values in equation (39) we find' 

Distortion - g + ? L ~ *j g 
2 ( 1.1 _ HL) ' 

and by similar triangles this is equal to 


2(1X3- + GH) ~ 2(25 + 1)- 

Now, it is generally accepted that the output stage is 
satisfactory if the distortion be less than 5 per cent., and 
from {he above equation we see that this limiting value 
"fj ? cc £L when P= 1 1 /?• As before, the output power 
will be ^(Ejnax. Emin.)(*max. — i m jn ), and this is equal to 
one-quarter of the area of triangle FTH. 

OpiiMUM Resistance Load. 

Since the effective resistance load in the anode circuit 
of the output valve may be adjusted to any required 
value by suitable choice of the ratio of the output trans- 
former, it is important to decide what resistance will 
enable the greatest output power to be obtained for 
a given degree of distortion. This problem was first 
solved by Brown (31), who assumed that. the anode 
current-grid voltage static characteristics of a triode 
are equidistant parallel straight lines provided the anode 
current do not fall below some limiting value i mln Then 
referring to Fig. 40, one end of the dynamic character- 
istic must he on OL, which is the ordinate erected at 
zero grid potential, while the other lies on the line MN 
below which the characteristics become curved. With 
the assumption made as to the shape of the characteristics, 
thesg conditions represent the limits of variation of grid 
potential if distortion is to be avoided. Furthermore 
these conditions be observed, any dynamic 
characteristic such as CBD will be a straight line. Let 
static characteristics* for anode voltages E max and E ml „ 
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be drawn through C and D respectively. The positions 
of these points will depend upon the magnitude of the 
anode load. Midway between these characteristics will 
lie that for anode voltage E 0 , which is fixed, and passes 
through the initial operating point B. Now the A.C. 
output power is proportional to 


'max. 


mm 


Since G and N are fixed, the product will be maximum 
when GD = DN. If p be the slope resistance of the 
valve, • 


Hence, the output will be a maximum when 


i' 
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But R, the resistance of the anode load, is 

( E max. - Efflin.)/'(W - W) 
so that the condition becomes 


Armed b y ^ &?** »- 

between «. » «** 

factor * and slope Stance St ,° f am PMcation 
load IUonneclSdnSSfe£f 1 *£•*«» 
component of anode current is Then the A -C. 

*« = *«W(R -f p) 

aud the A.C. Power W developed ip the load to give,! b, 

* V*Re//(R + p )t 

R t T ' Thf“t ?“ be * ■“*»»■» when 

input E.M.F. is termed cr “ “^fpendenj of the 

and it is clear that the load v^-% ® ensitlm ty of the triode, 
to give simultaneously both marim 06 Cannot be ad justed 
(R = p) and maximu^ “ nnd^t P ower sensitivity 

Fo«„£ tely S™toadSK 1?‘ P ? <*“ *1 

any case, the primarv ee™;^ 6 ?- 18 . nofc critlca l but, in 
output stage must be +t, 0 i a ^} on m the design of an 

and the arrangement of condiHnn° n Suitable va,ve 
output may be obtained mti, i QS s ? that the required 
provision of Mgh pow2 ’ ^ 

portance. When the tyS of va t °5 secondai T im- 
load resistance nave be? n fixed ft and “^tude of 
decided only the ouHmnwf i ed ’ there remains to be 
depend, of coiSe ?^J alue ,°{p id bias. This will 
is best determined by trial feom vo1 ^® 5 and 

output and distortion for ^“nations of 

calves designed for large ouwT ?® leeted values. With 

.node 
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<#grid bias is need, is so large that the power dissipated 
at the, anode is greater than the valve can withstand. 
In this ease, the steady grid potential must be made 
more negative, and it will then be advantageous to use 
a load resistance greater than twice the slope resistance 
of the valve. 


Pentodes 

We must now consider briefly the use in the output 
stage of valves other than triodes. In Chapter IV it 
was pointed out that, although the second grid in a 
screen-grid valve was originally introduced to reduce 
anode-grid capacity, it also produces a very beneficial 
chaxjge in the static characteristics of the valve. It 
seems probable, therefore, that it would be advantageous 
to use the screen grid even in valves where the reduction 
of anode-grid capacity is not* very important. How- 
ever, if this be attempted, a difficulty is encountered 
which ihay be explained as follows. In a triode, when 
the primary electron stream strikes the anode, it causes 
the latter to emit secondary electrons. Since the anode 
is always at a potential considerably higher than that of 
the grid, the electric field causes these electrons to 
return to the anode, and the result is the same as if they 
had never been emitted. When a screen-grid valve is 
used as a high-frequency amplifier the same thing occurs, 
since the potential of the anode does not vary by more 
than a few volts, and is always greater than that of the 
screen grid. On the other hand, if a screen-grid valve 
were used in other stages of a receiver, the variations of 
the potential of its anode would be much greater, and 
at certain instants the anode might be at a lower poten- 
tial than the screen grid. Under these conditions, any 
secondary electrons emitted by the anode would be 
collected by the screen grid and the resulting decrease 
in anode current would cause serious distortion. The 
difficulty cannot be overcome by reducing the potential 
of the. screen grid, since this would impair the efficiency 
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IS the pentode and a known resistance load is placed in 
the anode . circuit. The alternating E.M.E. developed 
across this resistance, owing to amplitude distortion, will 
not in general be sinusoidal, and is applied to the input 
terminals of a calibrated sharply-tuned amplifier, the 
output E.M.E. from which, can be measured. The 
amplifier is tuned in turn to the fundamental and various 
\ harmonics of the original E.M.F., and thus the magnitude 
of the amplitude distortion may be determined. For 
further details of this method reference should be made 
to a paper by Pidgeon and McNally (33). Jt is clear that 
the method also enables the A.C. power delivered by the 
pentode to the resistance load to be calculated, sS that, 
by varying the conditions of the experiment, it is possible 
to determine the optimum values of load and grid bias 
for*a given pentode and given H.T. voltage. The opti- 
mum load is usually found to be abojit one-third of the 
slope resistance of the pentode, and is more critical than 
in the case of a triode. If a comparison be made between 
a pentbde and a triode which are identical except for the 
extra electrodes in the former, it is found that, for a 
given H.T. voltage, -there is little difference in the 
“ undistorted ” power output of which each is capable 
when working with its optimum load. On the other 
hand, the. power sensitivity of the pentode is two or 
three times as great as that of the triode. 

It will be appreciated that amplitude distortion may 
be produced by the detector and L.F. stages of a receiver 
as well as by the output stage. Also, the methods of 
investigation which have been described in this chapter 
are clearly of quite general application. 
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a difficulty arises in that; since the side-band cut-off will 
vSty as the wave-length to which the aerial is tuned' 
varies, and since, moreover, it will be changed enor- 
mously by any alteration of reaction, it follows that 
complete correction cannot be obtained unless the filter 
also be variable. 

* From what has been said in the foregoing chapters, it 
will be cjear that the general procedure in designing a 
1 wireless receiver will be as follows. First of all, the 
type of detector to be used must be settled, since upon 
this will depend the input E.M.F. which must be applied 
to the detector stage to ensure distortionless operation 
of this stage. Next the design of the aerial^earth 
system and the H.F. stage can foe undertaken. The 
H.F. amplification must be sufficiently great to enable 
the correct E.M.F. to be passed on to the detector stage, 
even when weak signals are being received. Conse- 
quently, when the receiver is tuned to receive stronger 
signals, the detector will be overloaded unless means be 
provided to enable the H.F. amplification to be reduced, 
When a* screen-grid valve is employed, this may be done 
by reducing the potential of the screen. Recently, 
special valves have been introduced in which the ampli- 
fication factor may be varied by changing the grid bias 
(35). 

The next.portion of the receiver to be considered is the 
output stage. The design of this will, of course, depend 
upon the type of loud speaker to be used and the volume 
of sound required therefrom, but once it has been settled, 
the input E.M.F. . which must be applied to it will be 
known. Finally, the L.F. amplifier can be designed, 
since both the output E.M.F. from the detector and the 
input E.M.F. to the power stage are knoyra. 
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